z Physics 


} } To access to the 


unstudied part of 


à ý + the previous year 
Important physical and mathematical basics. (from 15 March to the 


+ Table of physical quantities, their symbols, end of the syllabus) ag 
units of measurement and dimensional scanitnis QRicode: 
formulae. 


Utne) 13) Physical Quantities and Measuring Units. 


Chapter 1: Physical Measurements. 

Lesson 1: Physical Measurements. 

Lesson 2 : Types of Measurement & Measurement Error. 
Model Exam on Chapter 1. 


Chapter 2 : Scalar and Vector Quantities. 
Model Exam on Chapter 2. 
è Accumulative Exam on Unit 1. 


US Eao Linear Motion. 


Chapter 1: Motionina Straight Line. 
Lesson 1: Motion. 
Lesson 2: Acceleration 

Model Exam on Chapter 1. 


Chapter 2 : Motion with Uniform Acceleration. 
Lesson 1: Equations of Motion. 
Lesson 2 : Applications of Motion with Uniform Acceleration 
(Free Fall - Vertical Projectiles) 
Lesson 3 : Follow App! 
Model Exam on Chapter 2. 


ations of n with Uniform Acceleration (Two-Dimensional Projectiles). 


Chapter 3 : Force and Motion. 
> Model Exam on Chapter 3. 
® Accumulative Exam on Units 1 & 2. 


Ca WE] ni 


C e n aan] 


M Important physical and mathematical basics : 


a Some units conversion : 


a Conversions of some specific units : 


Angstrom A 


A 


x10 


10 
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a Pythagoras theorem: 
In the right triangle the square of the hypotenuse 
is equal to the sum of squares of the other two sides 
ie. C’ =A? +B? 


s C= +B 


Where : C is the hypotenuse and A, B are the other two sides. 


Q Trigonometrical relations : 
In the right triangle 
ino Opposite 9 Adjacent Ə Opposite 
sin 9 = Hypotenuse ' cog — Hypotenuse * van ~ “Adjacent 

Adjacent 


a Perimeters, areas and volumes of some geometrical figures : 


A. Plane geometrical figures : 


Rectangle 


B. solid geometrical figures : 


Geometrical 


PREEN Cube 
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Q Graphical relations between two variables : 


© The graphical relation between two quantities on the x and y axes may be as 


the following : 
Relation _ Graph | 


y=mx+b y 
*At: b=0 


- The relation is a straight line passing by the origin (0 , 0). 


Ay 
- Slope = m = kx 


At: b#0 
- The relation is a straight line intersecting y-axis at 
point (0 ,b). 
Ay 
-= Slope = m = —— 
lope = m = 
y=m-x 
* Sum of the two quantities at any point = constant 
- At: x=0 ,y =constant = m 
- At: y=0 ,x = constant = m 
- Slope is negative value, 


ity 


wT & 
* Product of the two quantities at any point = constant 


Table of physical s, their symbols, units 
of measurement and dimensional formulae 


Dimensional 


Physical quantity Unit of measurement 
formula 


Length meter 


Distance 


kilogram 


second 


meter” 


meter? 


Electric current intensity ampere 


Absolute temperature kelvin 


Amount of material mole 


Luminous intensity o candela 


Angle measure radian 
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Dimensional 


bol | Unit of t 
Physical quantity Symi ME easy formula 


Solid angle measure steradian steradian 


Density kilogram/meter? 


Velocity 


Instantaneous velocity meter/second 


Average velocity meter/second 


Acceleration zi meter/second? 


Acceleration due to gravity meter/second? 


kg „meter/s? 


E Or newton 
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2u cA 
Pi 


Unit objectives 
By the end of this unit, the student will 
be able to : 


© 


Chapter1: 

æ Identify the fundamental and derived 
physical quantities. 

+ Derive the dimensional formula of physical 

J quantities. 

* State the fundamental physical quantities 
in the International system and 
their units. 

+ Name the tools used to measure length, 
mass and time. 

+ Derive the international units of some 
derived physical quantities. 

+ Apply the dimensional formula to verify 
the physical relations. 

e Identify how to find the error in 
measurement. 

Identify the reasons to have an error in 
measurement. 


Fa 


œ 
a 


Fa T 


“Chapter 2: 

» Compare between the scalar and vector 
physical quantities. 

+ Perform scalar (dot) product for vector 
quantities, 

* Perform vector (cross) product for vector 
quantities. * 


(Chapter Q). ( ‘Chapter (2) J i 


my OS 
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Physical Measurements Scalar and Vector Quantities. A 
Lesson 1: Physical Measurements. > Model Exam on Chapter oS S 
Lesson 2 : Types of Measurement & Measurement Error. > Accumulative Exam on Unit 1. 4 


> Model Exam on Chapter 1. X 
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< Chapter 1 
LESSON ONE 


© Measurements translate our daily observations into 
quantitative amounts that can be expressed in terms 


of numerals, for example; in the beam balance the 


measurement of an unknown mass in one pan whichis © 


balanced against the known masses in the other pan is 
actually just a process of comparing the unknown mass fo 
with the known masses. Thus, the measurement 


process is the process of comparing an unknown 


quantity with another known quantity of its kind (called Gane 
the unit of measurement) to find out how many times the first includes the second. 1 f: 
to 
Key Elements of Measurement Process y 
‘ A ‘ Wa 
g 
(Physical quantities ) (C Measuring tools >) © Measuring units >) 


| 9 
E ; g 
menan D 
First | Physical quantities 9D 
fa, 
h) 
3 


© The quantities which we are dealing with in our daily life such as mass, length, time ... ete. 
are called physical quantities and can be classified into : i 
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Fundamental physical quantities 
P They are physical quantities that cannot be 
defined in terms of other physical quantities. 


d LESSON ONE 
Derived physical quantities 


P They are physical quantities that can 
be defined in terms of the fundamental 


physical quantities. 
Examples 
* Volume. e Acceleration. 


Application 
pL a 
Volume of a cuboid = Length x Width x Height 
v=l 1*5 b xl 3 


e Length, © Time, e Speed. 


The length of a boy 


t 
J 
‘The volume of the cuboid is considered 

a derived quantity because the volume is 
defined in terms of the lengths of the cuboid 
dimensions, ` 

ie, Volume is derived from length. 


‘The length of the boy is considered 

a fundamental quantity because no other 
physical quantity is needed to define length. 
Le. Length is defined by itself. 


Integration of Physics with Mathematics : 
© The relation among physical quantities can be expressed by mathematical equations. 


` >For Example: 
When a moving body covers a displacement (d) in time (t), its velocity (v) can be expressed as : 


a Or v= a this relation is called a physical mathematical equation 


Velocity = Time 
1 


which is a shorthand formula to give a physical illustration of a particular indication. 


In Man was using : 
ancient _ parts of his body as tools of measurement such as the arm, the hand span and 
the foot as tools to measure length. 
natural phenomena as tools of measurement such as the sunrise, the sunset and 
the Moon phases to measure time. 


Measuring tools 
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The measuring tools have been tremendously developed in the context of the great 
Recently industrial evolution next to the Second World War. Consequently, these tools were 
very helpful to man in describing phenomena accurately and exploring facts. 
© The used measuring tool depends on the physical quantity to be measured, so the first step to 
measure any physical quantity is to choose the suitable measuring tool. 
The next section shows some ancient and modern tools used for measuring 
(length, mass and time) : 


Length — Mass 


(Roman scale ) 


Beam balance 


= 


(Analog seale ) scale 


Vernis Vernier caliper ) | 
= 
we 


(Micrometer) (Digital balance ) C Digital watch ) 


p> | 
| 


23:54 


—— 
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‘measuring the radius of 


6 Practical 
Experiment 
„1: Experiment Objective E. 
e Measuring short lengths precisely. 
2. Main parts 


Calipers have two jaws; each is attached to a scale : 
«A fixed scale (one division = | mm). 


e A sliding (vernier) scale : can slide along the fixed scale and graduated into a number 
of divisions (one division = 0.9 mm). 


Fixed scale 


Sliding (vernier) 
scale 


3. Procedure : 


1. The object is placed between the two jaws of the caliper and gently pressed. 


2. The length of the object is determined from the relation : 
The length = X +x 
where : (X) is the reading on the fixed scale which is recorded before the zero mark of 
the vernier scale. 
(x) is the vernier reading which is determined by finding out the mark on the vernier 
scale that perfectly lines up with one of the marks on the fixed scale and multiplying 
it by the difference between the divisions on the fixed scale and the divisions on 
the vernier scale (0.1 mm). 
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Example 


Using the opposite figure calculate the external 
diameter of the bail. 


Solution 
The fixed scale reading (X) = 29 mm 
The vernier scale reading (x) : 
x=6x0.1=0.6mm 
«^. The external diameter of the ball = X + x = 29 + 0.6 = 29.6 mm 


© Each physical quantity, either fundamental or derived, has a measuring unit because a quantity 
without its unit is meaningless, for example : 


| The mass of a body = 5 The mass of a body = 5 kg 


(The absence of a measuring unit makes us (The quantity is fully clarified when there 
puzzled because we can’t estimate the mass). is a unit of measurement). 


* There is a number of systems to specify the measuring units of the fundamental 
physical quantities such as : 
1. The French system 2. The British system. 3. The Metric system. 


> The following table shows the measuring units in each of the French, 
the British and the Metric systems : 


Units of measurement 


a. ea of ‘The French system The British ‘The Metric 

uni 

physical quantity, ~~ (Gaussian system) (C.G.S) | system (EPS) | system (M.K.S) 
Length (b Centimeter (cm) Foot (ft) Meter (m) 


Gram (g) Pound (lb) Kilogram (kg) 


Second (s) Second (s) Second (s) 
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U International system of units (SI units) : 


* In September 23, 1999 NASA did a mistake when the communication with the mars 
climate orbiter (spacecraft) was lost which was built at a cost of 125 million dollars. 
This happened due to the failure of the ground based computer of NASA to use 
the International system of units in sending the instructions to the orbiter, 

* The International system of units (The Modern Metric System) dates back to year 1875 
and was based on the Metric system. ETI 

* In the General Conference of Weights and Measures in 1960, scientists agreed a 
to add other four fundamental physical quantities to the Metric system to have 


an International system of units which is used in all scientific fields all over bey 
the world. a 


> The following table gives the measuring units in the International system : 


The physical quantity The international unit _ 


Length (/) : Meter (m) 


Mass (m) Kilogram (kg) 


Time (t) Second (s) 


Electric current intensity (I) Ampere (A) 


The absolute temperature (T) Kelvin (K) 


Luminous intensity (1,) Candela (cd) 


Then, two other units are added which are : 


8 Angle measure Radian 


9 ` Solid angle measure Steradian 


* All other SI units can be derived from these fundamental (base) units, for example + 
The measuring unit of volume is (m°) which is a derived unit from the measuring unit of 
length (m). 


* All units of other systems can be converted into the International system, for example : 
- To convert from the French system to the International system : 
lg=000lkg , Lem=001m 
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tiples and fractions of units in the International system 


© A physical quantity is usually described by a numeral and a unit of measurement, but in 
some cases these values are : 
- Very huge : for example the distance between two stars is very vast and may be in 
the range of (100 000 000 000 000 000 m). 
- Very minute : for example the spacing distance between atoms in solids is estimated by 
nearly (0,000 000 001 m). i 
© T is very difficult to read such values. We prefer to express these values in the form of power 
of 10, so 
- The distance between two stars can be written as (1 x 10!” m). 
- The spacing distance between atoms in solids can be written as (1 x 10° m). 


í Quantity l Standard formula 


Remember 
123 E n 
My 10° 10° x 1074 = 10° = 10 


OF = 10-1 = 108 


[ee Gi 105 | 10" 
0.0000] 


This way of expressing the magnitude of physical quantities is known as “the standard 
formula”. 

‘The factors 10** are given specific prefixes. This is shown in the following table : 

wè | 10? | 10° | 108 


centi | hecto | kilo Mega 
{Symbol | n e [on |e [ou 

© It’s easy in the International system to calculate the multiples and fractions of all 
the measuring units in the form of power of 10 than the other systems of units. 


For example 
1km=10%m | 1 mi= 1760 yard 
Then 


a, 
23km=23x10'm | 23 mi=23 x 1760 
= 40480 yard 


f Notes : 
1. Liter = 10° m° = 10° cm? 2. Angstrom = 107!? m 
3. Ton = 10° kg 
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(Exampie KA — 


Acar moves a distance of 5 km , express the distance moved by the car in mm. 
| Solution 
Skm=5 x 10°m 
=5 x 10° x 10° mm 


=5x 10°mm 


| Example [4 _ 


The radius of a thin wire was measured hy a micrometer, it was found to be 3 Lin. 
Express the radius of the wire in km. 


Solution 
3pum=3x 10% m 
=3 x 10% x 103% km 


=3 x 10km 


An electric current of intensity 7 milliampere (7 mA). Express this intensity in 
microampere ({tA), 


Solution 


7mA=7x10°A 
=7 x 107 x 10° pA 


=7« 10° pA 


stimated to ately 14 billion years 


nds ? 
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Distinguished Scientists 
William Thomson : 


A British scientist, who determined accurately the value of 
the absolute zero (the zero point on Kelvin scale). He found 
it to be (- 273°C). So, he is considered one of those who 
developed the Metric system. 


Ahmed Zeweil : 


An Egyptian scientist, who used a laser camera to study the 
mechanism of chemical reactions between molecules that 
take place in a very short time, estimated by femto-seconds 
(fs = 10's). He won Nobel Prize in 1999. 


U Standard Units 


© The scientists sought to find the most accurate definition for each fundamental measuring 
unit by preparing an ideal model for the measuring unit that is characterized by 


the maximum level of accuracy and stability against the time and the environmental 
changes, These models are called the standard units. 
© Examples of these standard units are : 


1| The standard length (The standard meter) 


© French people were the first who used the meter as a standard 
unit for measuring the length. 

© The standard meter is the distance between two engraved 
marks at the ends of a rod made of platinum and iridium 
alloy kept at 0°C, at the International Bureau of Weights. 
and Measures near Paris. 


The standard meter 
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Enrichment information 


In 1960, in the General Conference of Weights and Measures. scientists agreed to replace 
the standard meter which is made of platinum and iridium alloy with an atomic standard 
meter defined in terms of the wavelength of the red-orange light emitted by the krypton 
atom 86, which is one of the atomic constants and the atomic standard meter can be 
defined as a specific number of wavelengths (1650763.73) of the red-orange light emitted 
in vacuum by the atoms of krypton (mass number 86) contained in discharge tube. 


i wave i 
A 


s 
(Devccror} 


Krypton atom $6 -<— One meter = 16397633 wuvelenghts —e 


* The atomic standard meter is preferred to the international standard meter because : 
1. It is more accurate where the relative error is as small as few microns (107°), 
2. It is not affected by environmental conditions. 


The standard mass (The standard kilogram) 


© It is used to calibrate the unit of measuring 


s (the ki r f 
mass (the kilogram) The standard kilogram 


© The standard kilogram is the mass of a cylinder made of platinum and iridium alloy of specific 
dimensions kept at 0°C, at the International Bureau of Weights and Measures near Paris. 


-Note : 


Platinum and iridium alloy is used in making standard meter and standard kilogram instead 
of other materials such as glass because platinum and iridium alloy is rigid, chemically 
inactive and not affected by the surrounding temperature contrary to other materials, 


The standard time (The second) 
Pete The daytime and the night time were taken to figure out an casy and acceptable 
times measure for the time unit where : 
One day = 24 hours, an hour = 60 minutes and a minute = 60 seconds 


©. Secon’ found in the average solar day = 24 x 60 x 60 = 86400 seconds 


Scientists use the atomic clocks such 
Recently as the cesium clock to calibrate the 


second because of their high accuracy. 


© The atomic cesium clock is used for : 
# Determining the duration of the Earth spin 
(the day length). 
e Checking up for the aviation and navigations. 
Verifying the journey schedule of space ships 


that explore the universe. The atomic cesium clock 


cond by using the atomic cesium clock as follows : 
the interval of time spent by the cesium atom (atomic mass 133) to emit a certain 
| number of waves, specifically 9192631700 waves. 


ensional formula 


© Most of the derived physical quantities can be expressed in terms of the dimensions of 
the fundamental physical quantities which are : 
1. Mass which is denoted by M. 
2. Length which is denoted by L. 
3. Time which is denoted by T. 


„and when we express the physical quantities in terms of the symbols (M , L and T) where 


each of them has a certain exponent we get the dimensional formula of the quantity. 


© The general dimensional formula of any physical quantity 


[Al=M* L*> pee 


Where : A is the physical quantity, the brackets [ ] is used to express the dimensional 
formula and (a, b and c) are the exponents of the dimensions (M, L and T) respectively. 
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l How to deduce the dimensional formula 


> The following table shows how to deduce the dimensional formula of 
the velocity (v) as an example : 


Steps | Example 


Write down the mathematical relation that determine the given Displacement 
physical quantity, = Time 


d 
t 


Write down the relation in terms of the fundamental physical 


M=% 
quantities (M, L and T). ly 


Put on cach of the symbols M, L and T its suitable power. [v]=M°LT! 
If one of the physical quantities mass, length or time is not err! 

present in the formula, it can be expressed as M°, L° or T? 

such that X° = 1 so it is not written. 

* The measuring unit can be obtained from the dimensional ms"! Or m/s 
formula, 


—[Nletes H 


1, To add or subtract two physical quantitics, they must be of the same kind which means 
they must have the same dimensional formula and the same unit, for example : 
We can’t add or subtract mass with distance or velocity with energy. 


2. If two quantities have different units, one unit should be converted into the other unit, 
for example ; 
1 m+ 170 cm = 100 cm + 170 cm = 270 cm 


3. We can multiply or divide physical quantities of different dimensional formula. 
In this case a new physical qu is obtained, for example : 
© By multiplying the velocity and the mass we get a new physical quantity which is 
the “momentum”. 
Velocity (m/s) x Mass (kg) = Momentum (kg.m/s) 
°By dividing the distance over the time we get a new physical quantity which is 
the “speed”. 
Prance (m ? = Speed (m/s) 
4. Dimensional formula cannot he added or subtracted but it can be multiplied or 
divided for example : 
eLT!+LT =LT'#2LT eLT -LT'=LT"#0 


2 


eMxLT?=MLT? 
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5. Numerical constants (numerals) such as (7 ,2 , 4 ) and trigonometric functions such 
as (sin 0, cos © and tan @) have no dimensions. 


> The following table shows the dimensional formulae of some derived 
physical quantities and their measuring units : 


r — 
| The physical | Its relationship to other The dimensional Unit of 
quantity quantities formula measurement 


Area A = Length x Width [AJ=L «Lei? 


Volume V = Length x Width x Height [VJ=LxLxL= ie 


Density „Mass [P}=ML~ 
me ii Volume 
Velocity val nln, varT 
Time 


Change of velocity 


(tence Time 


lal=LT? 


Force F = Mass x Acceleration ||F]=Mx*LT?=MLT? | kgan/s? = Newton (N) 


Find the dimensions and the unit of measuring acceleration, knowing that acceleration 
is the rate of change of velocity. 


Solution 


Change of velocity _ Displacement / Time 


Acceleration = > r 
Time Time 


LIT LTI 
k 
<. Dimensions of acceleration : L T°? 


a [a= =~T 


, unit of measuring acceleration : m.s™? 
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Find the dimensions and the unit of measuring work (energy), knowing that : 
Work = Force x Displacement (W = Fd), Force = Mass x Acceleration (F = ma) 


| Solution 
W = Fd = mad =m ¥ 
neh tT MET. peri 
[WI=M EELS =MU T 
©. Dimensions of work : ML°T 


„ unit of measuring work : kg.m?. 


mple 


From the following relation: X =C,+C,¢ 
Find the dimensions and the measuring units of the two quantities C, and C,. 
(where : (X) is the distance in meters and (t) is the time in seconds) 


Solution 
Q, Clue 


We can obtain the dimensions of the two quantities by equalizing the dimensions of the two sides 
of the equation and taking into consideration that the dimensional formula can't be added. 


The dimensions of the L.H.S.: [X]=L 
«<. The dimensions of each term in the R.ILS, equal L. 


<. The measuring unit of C, is meter. 


«<. The measuring unit of C, is meter/second. 


(the importance of the dimensional formula 


The dimensional formula can be used to verify the validity of a physical relation. 
When applying the dimensional analysis, dimensions of both sides of the equation should 
match. 


29 


FEE] ci eg he yyy ya lt Sal eg yold al a A 


>For Example : 
If we have any relation in the form of X = Y, we will have two possibilities : 


If 


The dimensional formula of X The dimensional formula of X 
= The dimensional formula of Y # The dimensional formula of Y 


So 


‘The relation may be correct. The relation must be wrong. 


„ Where 


Having the same dimensions on both sides Different dimensions on both sides of 
of a relation does not mean for sure that the the relation confirms that it is wrong. 
relation is correct, 


Verify the following relation by using the dimensional formula : 
Kinetic energy = + x Mass x Square of velocity (KE = a mv?) 


, given that the dimensions of energy is ML? T. 


L.H.S. dimensions R.H S. dimensions 
Dimensions of energy MULT? 


Solution 


MLT? ML?T? 


+ The dimensions of both sides are equal. 


«'. The relation is possible. 


Someone has suggested that the cylinder volume can be determined 
by the relation : V = rh, where (r) is the radius of its base and (h) 
is its height. Use the dimensional formula to verify whether the 


relation is correct or not. 
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| Solution 


L.H.S. dimensions R.H.S. dimensions 
1? LL=L? 


+: The dimensions of both sides aren’t equal. 


«. The relation is wrong. 


| Example Ej 
The movement of an object under the effect of gravity is given hy the relation : yeu tet 
Verify the validity this relation using the dimensional analysis, given that (g) is the acceleration 
due to gravity, op is the final velocity and (v,) is the initial velocity. 


| Solution 


Ge 


R.H.S. dimensions L.H.S. dimensions 


ci 


+” The dimensions of both sides are equal. 
+. The relation is possible, 


If the displacement of a body at an instant is given by : 
x=22+At+B zi 

Where : (x) is measured in meters and (t) is measured in seconds. 

Find the dimensions of A and B. 
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QUESTIONS ON 
Chapter 1 


LESSON ONE 


Multiple choice questions 


o The fundamental quantities of the following are 
(@ the length and the arca (b) the velocity and the acceleration 


© the mass and the volume @ the time and the mass 


C2) The derived quantities of the following are + 
@) velocity - distance - time ®© mass - density - volume 


@ force - volume - density 


w 


o The suitable tool for measuring the mass of a golden ring i 


@ 


system is that they all measure +++ 


@ length in meter @® mass in pound ©) time in second @ all the previous 


oe From the opposite figure : 
The measuring unit of the angle (8) in the International 
system of units is - 


a) candela (b) radian 


© steradian @ meter 


@ 86.2 cm is equal to 
@ 862m ® 8.62 x 1074 km © 0.862 mm @ 862 x 10!’ um 
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e Femtosecond = «+... microsecond 
@107'5 ® 10° © 10° @ 10° 


co} If the volume of an amount of water equals 5 m}, then the volume in liters equals sss 
(ays (b) 50 (©) 500 @ 5000 


© If the radius of the hydrogen atom is 0.053 nm, then it is equivalent to - 

@ 0.53 x 10 m ®53x10!m ©53x10!?m @ all the previous 
®© How many bottles of volume 10000 cm? is enough to fill atank of capacity | m? 

@1 ®10 © 1000 @ 100 
02) If: x = 10 g and y = 10 kg, then the value of (x + y) is e+ 

(@ 10.1 kg ®© 100.1 g © 10.01 kg @ 1001 g 


13) If the measuring unit of a physical quantity is kg/m.s, then its dimensional formula 


DMT? ©ML! T? @MLT? 
® If the dimensions of the quantity A are ML? T~? and the dimensions of the quantity B are 
ML? T~?, then the dimensions of the quantity (2B ~ A) are =+ 
@ ML? T> DM LIT? OMLST™S @ not defined 
®© If x = yz where the dimensions of (x) are MLT~ and the dimensions of (y) are MY LT~, 
so the dimensions of (z) are «+--+ 
@MLT ® MLP T ©MLT @MLT 


Koy Which row in the following table describes the dimensions of the quantities shown in 
the table ? 


(knowing that : the dimensions of x is LÊ? T~ and the dimensions of y is ML!) 


xy M x+y 


MLT” ML“ T? MLT 


METT MLT MLT? | 


MLT MLT”! | can not be added 
@ MLT~ ML? T* | 


can not be added 


Or If the dimensions of a physical quantity are M*L*T~?* where x is an integer number, 
so the quantity may be the 


@ force ® acceleration © density 
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®© y The opposite table shows — 
the dimensions of the physical The quantity y 
quantities x, y, z and k. Which Dimensional LT” 
of the following equations may formula 
be correct ? 


@x=y+z+k | @®x=y+zk ©x=y ` @x=4f 


A student measures a current as 0.5 A. Which of the following correctly expresses this 
result ?,- 
(@ 50 mA (®)50 MA © 500 mA @ 500 MA 


Ta 
@® What is the ratio THz » . 
1 


0” KHz ‘ 
@10° ®10° ©10° @ 10% 
@ Five values of energy are listed : 
SkJ SmJ SMI SnJ 
Which of the following represents an ascending order of these energies ? 
@SkJ >» 5 mJ — 5 MI — $ nJ ®© 5 nJ —» 5 kJ —» 5 MJ —» 5 mJ 
© 5n] — SmI — 5 kJ — 5 MI @5 mI — 5 nJ —» 5 k) —» 5 MJ 


22) Which product - pair of metric prefixes has the greatest magnitude ? +--+ 
@ Pico x Mega (®Nano x Kilo © Micro x Giga @ Milli x Tera 


® Which statement using prefixes of the base unit meter (m) is not correct ? 
@1pm=10-'? m ®i1nm=10%m 
©1Mm = 10°m @1Gm=10"? m 


Essay questions 


o Is the physical quantity that is measured by kg.m 3 fundamental or derived quantity ? 
And why ? 


K2) Arrange in a descending order the following masses : 
() 15g (2) 0.032 kg (3) 2.7 x 10° mg 
(4) 4.1 x 10% Gg (5) 2.7 x 108 ug 


© What is the importance of using (platinum - iridium) alloy in the standard meter ? 


© Is the following statement valid ? Explain your answer. 
“The dimensional formula is used to prove that a rule is incorrect, but it is not enough to 
prove that the rule is correct”. 
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Orne relation (x = At? + Bt) describes the motion of a body, where the quantity (x) has the 
dimensions of length and the quantity (t) has the dimensions of time. Find the dimensions ` 
of A and B. 


Tf Newton’s universal gravitational law is given by the relation : F = GMm 


(where : (F) is the attraction force between two badies, (M) is the mass of the first body, 
(m) is the mass of the second body, (r) is the distance between the centers of the two 
bodies and (G) is the universal gravitational constant). 


Find the measuring unit of (G) in the International System of units. 


@ The dimensional formula of both quantities X and Y is L T~!, the dimensional formula 
of quantity Z is L T~? and the dimensional formula of quantity K is L. ` 
Use the previous quantities to form a possible relation. 

© Use the dimensional formula to verify the following laws : 

(1) Work = 4 mv? (2) Volume of a sphere =$ mr 


(3) Force = fs (4) Area of a square = Ê 


6) vzat 
Where : (v) is the body's velocity , (m) is the body’s mass , (r) is the sphere’s radius , 


(a) is the body’s acceleration and (D is the length of the square. 


o Deduce the dimensions of each of the following : 


(1) Force. (2) Work. (3) Pressure. 


(knowing that : Force = Mass x Acceleration , Pressure = Ers 


and Work = Force x Displacement) 


© Apply the dimensions of physical quantities to verify the following relations : 
(1) vf =v? +2ad 
Qd=yt+ tar 
Where : (d) is the displacement of an object moving at initial velocity (v;) and speeds up 


regularly at an acceleration (a) till it reaches a final velocity (v,) during time (t). 


© ~ If the dimensional formulae of A and B are M and LT"! respectively. 
Find the dimensional formula of C if : 3 BA? 
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Problems 


oa The pyramid shown in the opposite figure contains about 
20 million stones, the mass of each stone is about 2.5 ton. 
Calculate the mass of the pyramid in kilograms. 


(5 «10! kg) 


(2) The radius of the planet Saturn = 5.85 x 10? m and its mass = 5.68 x 10°° kg, calculate : 
(a) The average density of the planet materials in g/cm>. 
(b) The surface area of the planet in mê. 
4 


(knowing that : the volume of a sphere = > 7 T°, the area of a sphere = 4 mr? and x =2) 


(0.677 gem’, 4.3 x 10" mò 


C3) Cylinder of radius 5 em and height 20 cm, is made of iron of density 7800 kg/m’, find : 


(a) The volume of the cylinder in m3, 


(b) The mass of the cylinder in kg. (1,57 x 1079 m?, 1225 kg) 


Oy 1f A = B” C™ and the dimensions of quantities A,B and C are LT, L? T~" and LT? 
respectively. Find the value of m and n. 4 v =) 


cS) ý An atom of gold, in the opposite figure, has a diameter 
of 0.26 nm and the diameter of its nucleus is 5.6 x 107° pm. 
Calculate the ratio of the diameter of the atom to that of 
the nucleus. 


=— 0.260m —= 
Atom of gold 


(46.43 x 10°) 
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Ty p of Meas 
Measurement Er rror 


reme 


U Types of measurement : 
o 
Direct measurement 


© One measuring tool is used. is 
is 


@...... 


Indirect measurement 


1. Measuring the liquid density using 
the hydrometer in which we take 
a direct reading without calculation 
or using any law. 


| 2. Measuring volume using the graduated 
| cylinder. 


| 1. Determining the liquid density via 
measuring its mass by a balance and 
its volume by a graduated cylinder. 
Then, calculating the density from 

Mass 


the relation : Density = 


Volume 


2. Measuring volume by multiplying 
length, width and height. 


> We can now compare between the two types of measurement as follows : 


Points of Comparison Direct measurement Indirect measurement 


Number of measuring ig z More than one measuring tool is 
One measuring tool is used. 
tools : used. 


Number of measuring More'than one measurement 
One measurement process, 
processes : process. 


Mathematical No mathematical relation is | A mathematical relation is applied 
relations : applied. to find the quantity. 


One measurement error. è 
errors : | (cumulative error). 


E of measurement More than one measurement error 


U Error in measurements : 


© While carrying out a measurement process, there must be an error even if it is a small 
percentage of error. So no measurement process is accurate 100% because of several 


reasons of measurement error, from which : 


1. Choosing improper tool, for example : 
Using the common balance instead of the 
sensitive balance in measuring the mass 
of a golden ring increases the percentage 
of measurement error. 


2. A defect in the measuring tool as the defects 
that may be in the ammeter, for example : 
The magnet inside is partially demagnetized because 


it is outdated. 


e The pointer has a zero error when there is no electric current, Ammeter 


3. Wrong procedure due to unexperienced persons, for example : 
Ignorance of using graduated devices like 
the multimeters. 
Looking at the device pointer or the scale 
at an oblique line instead of being 
perpendicular to the scale. 


CHAPTER 


1 LESSON TWO 


4. Environmental conditions, for example : 
+ Temperature, e Humidity. 
+ Air currents, because when using the sensitive balance, 
the air currents may cause an error and to avoid this 


the sensitive balance is kept inside a glass box. 


Note H 


+ When carrying out a measuring process, it’s preferable to repeat the measurement many 
times and calculate the average to reduce the error percentage in measurement. 


Glass box to avoid 
wind effect 


Estimating error of measuremen 


© The error in measurement is estimated by calculating : 


Absolute error (A X) Relative error (r) 


P It is the difference between the real (actual) It is the ratio between the absolute error 
value (X) and the measured value (X), (A X) and the real value (X). 


Rule 
—— 
ax=|x,-x| | 


Measuring unit 


*pHas a measuring unit which is the same Has no measuring unit because it is 
measuring unit of the physical quantity. the ratio between two quantities having 
the same measuring unit. 


Notes 


>The sign of modulus | | indicates that ‘The relative error is a better indication for 
the result is always positive even if the the measurement accuracy than the absolute 
actual value is less than the measured error because it is the ratio between the 
value because the aim of estimating absolute error and the real value. 

the absolute error is only knowing its value. 


>The measurement accuracy is considered 
higher as the relative error decreases. 


\ 
XN 


© The result of measurement is expressed as X +AX). 
© Now, we will know how to calculate the absolute error and the relative error in case of 


direct and indirect measurement processes. 
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1 | Estimating error in direct measurement 

- The absolute error is directly calculated from the relation : 
AX=1%,-X 

- The relative error is directly calculated from the relation : 

A. 1x,-X1 

~ X. xX, 


o o 


r 


A student measured the length of a pencil and found it equal to 9.9 cm, meanwhile 
its actual length is 10 cm.Another student measured the classroom length and found 
it equal to 9.13 m, meanwhile its actual length is 9.11 m. 


(a) Estimate the absolute error and the relative error in each case and express 
the result of measurement. 


(b) In which case was the measurement more accurate ? And why ? 


ca ( Firststudent | “Second student 
te error 
AX=|X,-X] AX=|X,-X| 
=|10-9.9| =19.11-9.13 | 
=0.1 cm =|-0.02|=0.02m 
Relative error 
Sa 
r= 4X 
o 


= 0.02 Z 0.0022 = 0.22 % 
911 


Expressing the result of measurement 


The length of the pencil The length of the classroom 
= (10 £0.1) cm = (9.11 £0.02) m 


(b) The measurement in the second case is more accurate because the relative error in 
the second case is less than that in the first case. 
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Estimating error in case of indirect measurement 


The procedure of calculating error in case of indirect measurement depends on 
the mathematical operation applied as shown in the following table : 


Mathematical 


Exampl 
operation nome 


How to calculate error 


Measuring the volume of two 
amounts of a liquid. 
V=V,+V, 


Summation 


® 


Finding the volume of a coin 

| by subtracting the volume of 

| water before dropping the coin 

| into the measuring cylinder (V ,) 
from that after dropping it (V,). 


Subtraction 


© 


© The absolute error = 
The absolute error in first 
measurement + The absolute 
error in second measurement 


AX=AX,+AX, 
= 1X) -Xil + Xna- Xal 


* The relative error (r) = 
The absolute error 
The real value 


AX 


tram 


o 


Finding the area of a rectangle 
by measuring its length and its 
| width then multiplying them. 


Multiplication 
®© 


Finding the density of a liquid 
by measuring its mass and its 
volume then dividing them. 


Division 


© 


e The relative error = 
The relative error in first 
measurement + The relative 
error in second measurement 


rar +r, 


AX, 
xt 


‘ol o2 


$ The absolute error (A X) = 


The relative crror x The real 
value 


AX=rX, 


In a practical experiment to determine a physical quantity (L) by adding two physical 
quantities L; and L, given that L, =(5.2 + 0.1) cm and L, =(58 + 0.2) cm. 
Find the value of (L) and the relative error in measuring it. 
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| Solution 

‘ The real value of (L) : L, =5.2+5.8= 11 cm 

’ The absolute error : AL = 0.1 + 0.2 = 0.3 cm 

«. The value of (L) : L= (Lo +A L) = (11 £0.3) em 
AL _ 0.3 


~ The relative error : r = i 
“o 


| Example [4 
A student measured the mass of an amount of a chemical material, it was found to be 
(20 £0.1) g then the mass of the material was decreased by (5 £0.1) g. Calculate 
the mass of the remaining amount of the material and the relative error in measuring 
the remaining amount. 


Solution 

m,=20-5=15g 
Am=0.1+0.1=0.2g 
m=(m,tâm)=(15 £0.2) g 


Example EJ a S ae J 
Calculate each of the relative error and the absolute error when measuring the area of 
a rectangle (A) that has a length of (6 + 0.1) m and a width of (5 + 0.2) m. 


| Solution 


Q, Clue 
The area of the rectangle (A) is determined by multiplying the length (x) by the width (y) 
so the measurement process is indirect. We can find the relative error in measuring 
the area of the rectangle from the relation : 


, and also we can calculate the absolute error in measuring the area of the rectangle 
from the relation : AA =r, A, 
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+ The relative error in measuring : 


The length [The width | 


0.2 
yes 

~. The relative error in measuring the area : 
„Ol OO _ 17 
"A= 6 +5 = 300 


«'. The absolute error in measuring the area : 


= (17 2 
AA = (31) «(5 x 6) =1.7 m 


Calculate the relative error and the absolute error when measuring the volume of 
a cuboid where its dimensions are as follows : 


{Dimension | Measured value (em) | Actual value (em) _| 
EA 44 
3.3 3.5 
28 3 


Solution 


Q, Clue 
The volume of a cuboid is determined hy multiplying (the length (x) x the width (y) 
x the height (z)), so the measurement process is indirect. The relative error and the 
absolute error in measuring the volume of the cuboid can be calculated as follows : 
f Bs aoe 
Lena ates , ne . = 7, 
aV=rV, » Vi =%,¥,%, 
The relative error in measuring : 


The length } {The width | {_ The height 


r =144-431 | r 2135-331. 2 
x 44 y 3.5 35 

The relative crror in measuring the volume : 

r= 4 ap 4 

The absolute error in measuring the volume : 

V, =44 x 3.5 x3 =462 cm? 


1465 x 46.2 = 6.77 cm° 


_ 13-281 
a ie 


cht 
+ q5 = 0.1465 
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An object has a mass of (2000 +10) kg and a volume of (0.1 +0.001) m? 
Calculate its density. 
Mass (m) 


(knowing that : Density (p) = Volume (V) 


) 
Solution 
‘The relative error in measuring the mass : 


= 2000 7 
The relative error in messi the volume ; 


= AV 0.001. 1 
0.1 ~ 100 


The relative error in measuring the density : 


=2 10° kg/m? 
BO 
i 4 3 
Ap =rp,= 290 * 2 * 10° = = 300 kg/m 


op = (2 x 10% = 300) kg/m? 


Q Test yourself 
A body of mass (5 + 0.5) kg moves by a velocity of (2 + 0.2) m/s. Calculate the relative 
error and the absolute error in measuring the kinetic energy of the body. 

(knowing that : The kinetic energy of the body = + mv?) 


Enrichment information 


Hallmark and balances department (bureau) is considered as an expert office in Egypt 
to assay and calibrate weighing scales, measuring tools and bushels. 
It is also concerned with supervision and inspection. It has 54 branches all over the country. 
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QUESTIONS ON 
Chapter 1 Types of Measurement & 
LESSON TWO Measurement Error 
Interactive test, 
Multiple choice questions i 


o ‘The measurement process shown in the opposite figure 
is considered as a measurement, 


D complex (b) complicated © direct @ indirect i 


(2) The best way to judge the accuracy of measurement is through 
W the absolute error 
®© the relative error 
(©) the product of the relative error and the absolute error 
@all of them 


C3) The opposite figure shows an ammeter when there is no electric 
current passing through it, then which of the following figures 
describes the ammeter when a current of intensity 3 A passes 
through it ? 


& 6 


® © @ 


o A golden ring of mass 6.32 g was placed on several sensitive balances as in the following 
figures, which one of them is the most accurate in measuring ? 


e When measuring the current intensity in a circuit, the intensity was expected to be 2 A, 
so which of the following ammeters is the most appropriate for measuring the current 
accurately? ee 


D ©) © @ 
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Q The relative error in measuring the area of a room is 0.06 where the actual value of 
ë 2 a : 5 x 
the area is 30 m“, then the absolute error in measuring this area is - 


@ 1.8 m? (6) 0.002 m? ©0.06 m? @12m 


7) A student measured the length of a wooden bar which is found to be 50.2 cm, while 
the actual value is 50 cm. Accordingly, i 


(i) The absolute error = - 

(@ 50 em 2em ©0.2cm (@ 0.04 em 

(ii) The relative error = s- 

@ 50 % ® 10% ©2% ‘@04% 
Ks% A student measured the length of a classroom by using a meter tape, he finds that 

the length equals (10 + 0.1) m , then + 


Type of 
measurement 


Direct 10m 0.01 
Direct O.m 0.01 


Absolute error Relative error 


Or: x =(1 +0.01) kg and y = (50 + 1) g, then (x + y) equals 
@) (1050 + 1.01) g ®005+101)kg ©(50.1+101)g D105 +001) kg 


@© If rod A has a length of (2.35 + 0.01) cm and rod B has a length of (5.68 + 0.015 em 
then rod B is longer than rod A by +-+- ` 


3.33 + 0.00) cm (3.33 + 0.02) cm 
Œ) (2.43 + 0.01) cm @ (2.43 + 0.001) cm 


© Jf the mass of a body is (10 + 1) kg and its velocity is (4 + 0.04) m/s, then its momentum 
equals +++ + 
(knowing that : Momentum = Mass x Velocity) 
@ (40 + 1.4) kg.m/s ®© (14 + 4.4) kgms 
© (40 + 4.4) kg.m/s @ (14 + 1.4) kg.m/s 
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12) A student measured some physical quantities in his room and he gets the following 
results, so which of them is more accurate ? 


\E Lesson Two 
The physical quantity 


The room length 


Its value 
The room width 


(6 +0.05) m 
‘The room height 


(4+ 0.05) m 
The room temperature 
Second 


(3.5 40.05) m 
questions 


(30 +0.5)"C 
o State the precautions considered when using : 


(1) The metric ruler to measure the length of an object. 

(2) The ammeter when measuring the electric current intensity. 
(3) The graduated cylinder when measuring the volume of a liquid. 
(4) The sensitive balance. 


(2) Explain the following sentences : 


(1) The value of absolute error is always positive. 


(2) The relative error has no measuring unit. 


(3) The relative error is a better indicator for measurement accuracy than the absolute error. 


© Which of the following ways is the right way to measure the volume of the water in 
a graduated cylinder ? And why ? 


@ When students were measuring the mass of a piece of iron in the Physics lab, the teacher 
What is the purpose of the teacher’s demand ? 


asked them to repeat the measurement process several times and calculate the average. 


a) 


(2) 
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Se Four friends was measuring four different physical quantities and their results were 
as follows : 


(a) 10 40,1) em - (b)(1+0.01)m 
(c) (50 + 0.5) kg (d) (200 + 0.02) s 
Arrange these measurements in ascending order according to their accuracy. 


@ An engineer measured the length of a building which was equal to 55.2 m. If there was an 
error of 0.02 m, what are the probabilities of the real value of the building length? 
(55.22 m, 55.18 m) 


(27 The solar year is approximately equal to 7 x 10’ s, find the percentage of error in this 
approximation. (knowing that : The solar year = 365.25 days) (0.4 %) 


C3) Find the relative error in estimating the volume of a cube of side length 5 em given that 
the relative error in estimating its length is 0.01, then find the absolute error in this case. 
(0.03, 3.75 em’) 


@on estimating the density of an object, the mass was (40 + 0.2) kg and the volume was 
(0,5 + 0.01) m?, Find the absolute error and the relative error in measuring the density. 
(knowing that; Density == (0.025 .2 kg/m?) 


AB itx =(5 +0.1) cm and y = (10 + 0.2) cm, calculate each of : 


(ayx4y (b)2x4+y (c) xy (d) xy? 


((15 = 0.3) em, (20 = 0.4) cm, (50 £ 2) em?, (500 + 30) cm?) 


O The vernier caliper was used to measure 

the diameter of a metallic ball as shown in 

the opposite figure. 

Find from the opposite figure : 

(a) The measured value by using this tool. 

(b) The absolute error and the relative error in this 
measurement, if the actual value of the diameter 
is 2.53 cm. 


(c) Express the result of measurement. (2.54 cm, 0.01 cm, 0.4 %, (2.53 + 0.01) em) 
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QUESTIONS ON CHAPTER 


7) The exact value of the area of a piece of land is 200.2 m?. 
‘The shown meter ruler in figure was used to measure length. 
t 


Accordingly, an error in measurement took place where 
the relative error was 0.1 %. Find the value of the area 
when measured. 


(199.9998 m°, 200.4002 m°) 


eo y To measure the density of a cube, we need to measure its mass and the length of one 


of its sides. If the relative error in measuring its mass is 1.5 % and the relative error in 
measuring the length of one of its sides is 1 %, caleulate the relative error in measuring 


its density. (knowing that : Density = —Mass_) 


(5%) 
Volume 


Oy A uniform solid sphere of radius (6.5 + 0.2) cm and mass (1.85 + 0.02) kg. 


Calculate the density of the sphere in kg/m?. (knowing that : Density = cee 
e 


(1.61 £0.17) x 10° kg/m’) 
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MODELEXAMON BE 
Chapter 1 l Physical Mea 


= First $N h Choose the correct answer 


°] @ The suitable tool for measuring the thickness of a thin sheet is « @ ; 


Lomo ru i 
i 


D Y” The mass of a cube and the length of one of its sides were measured, where the 


relative error in measuring its mass was 2 % and the relative error in measuring its side’s 


~ length was %, then the relative error in measuring its density is ~ 
| (knowing that : Density = M2ss_) 
P Q Volume 
“a 
@05 % D 3.5 % ©65 % 99.5 % 


ED If the radius of a virus is 5.1 nm, then the diameter of the virus equals «+--+ 
(@) 10.2 x 10° um ®© 1.02 x 107 mm 


© 10.2 x 10% m (@) all the previous 


(4) Vad If the dimensional formula of a physical quantity is M* L* T *~} where x is an integer 


number, then this quantity may be the =- 


(a) force b) acceleration (© work © velocity 
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e An empty large box of mass (20 + 0.01) kg. when a man sits inside the box, the mass of 
the box and the man together become (0.1 + 0.001) ton, so the mass of the man i 
@ (120 + 0.009) kg @® (0.12 + 0.011) ton 
(80 + 1.01) kg @ (80 + 0.99) ton 


C6) 1f the dimensional formula of a physical quantity is MLT ~! then its measuring unit 


g.m.s @®kgmst © kgms” @kg.m''s 


@ How many bottles of volume 1000.cm? are needed to fill a tank of volume | m°? 
®10 © 1000 


© i the dimensions of quantity x are ML T and the dimensions of aiii y 
are MLT~ , then the dimensions ML T~ describe the quantity s+ 


x 
®xy* O 


9) The length of a rectangle was measured to be 6 + 0.01) cm and its width was measured 
to be (4 + 0.01) cm, then the percentage of error in measuring the perimeter of 
the rectangle is + 


@O04% © % 


®LT 


@ By using the dimensional formula of physical quantities, check the validity of 
the following relation : F =m a? 


(knowing that : (F) is the force, (m) is the mass, (a) is the acceleration) 
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@® The absolute error is the best indicator for measurement accuracy” 
Discuss the validity of the previous sentence. 


®© Arrange the following lengths in a descending order : 
(1)12m (2) 0.07 km (3) 2.7 x 10° mm 
(4) 7.2 x 10° Gm (5) 12x 107 um 


G Tf the equation (d = xv + } a y?) describes the motion of a body, where (d) has 
the dimensional formula of the length, (v) has the dimensional formula of the velocity 
and (a) has the dimensional formula of the acceleration. 
Find the dimensions of both x and y. 


© a The vernier caliper was used to measure 
the thickness of a metallic coin as shown 
in the opposite figure. From the figure find : 
(a) The measured value of the coin’s thickness. 
(b) The absolute and the relative error in this measurement, 
if the actual value of the thickness is 5.3 mm. 


GY fA =3B"C" and the dimensions of quantities A, B and C are L? T? .LT and LT? 


respectively. Find the values of m and n. 


J 
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© When measuring a physical quantity like : 


Temperature Velocity i 
[i 
> Its magnitude say 27°C is enough to Its magnitude say 50 km/h isn’t enough 
describe the temperature fully. because to describe the velocity fully, because we K é 
we mentioned ils magnitude and its mention its magnitude and its measuring 
| measuring unit, unit but we didn’t mention its direction. t 
A ) K 
to 


Accordingly, physical quantities can be classified into : 


( a @ K 


Scalar quantities Vector quantities 


rt fi 
It is a physical quantity that can be fully P It is a physical quant hat can be fully 
defined by its magnitude only. | defined by both magnitude and direction. 


Tt has no direction. | 
Examples | 


+ Temperature. e Energy. + Acceleration. e Force. 


9 
A 
+ Distance. e Mass. . Time. e Displacement. e Velocity. L) 
é l 
ai 


D 


Distance and Displacement 


© There is a difference between the concept of displacement 
and the concept of distance. 
This can be clarified through the next example : 
The opposite figure shows a student who 
starts his motion from the home (point A) 
till he reaches the school (point C) passing, 
by the supermarket (point B); then : 


o : (2) 


Distance (s) -Displacement (d) 
Is représented by 


> The length of the path (AB + BC) which ‘The length of the straight line AC from 
is covered by the student from the home the home (A) to the school (C) directly. 
(A) to the school (C) passing by 
the supermarket (B). 


È E 
@0A^s Q e 


È ©) 
| 
| 


Thus 


ee 


> Distance is the length of the path moved P Displacement is given by the length of 

by an object from a position to another. the straight line segment (shortest distance) 
in a given direction between the starting 
point of motion and the end point. 


> Distance is a scalar quantity because it > Displacement is a vector quantity because 
can be fully defined by its magnitude only. it can be fully defined by its magnitude and 
direction. 

> Distance is always positive. > Displacement may be positive, negative 

\ or zero. 


sa 
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CHAPTER 


( Guidelines to solve problems J- 


1. If an object moves in one direction (a straight linc) from A to B, Disance g 


the magnitude of displacement equals the covered distance. a 
isplucement 


2. If an object moves in a curved path (any path that isn’t in — 


a shape of straight line) from A to B, the magnitude of ae 
Displacement 


the displacement will be less than the distance. 


3, Lf an object moves in one direction from A to B, then reverses 
B 


CoB 


its direction to C, then : 
- The displacement (d) = AB-BC — 
— & Displacement 
- The distance (s) = AB + BC 
4. If an object moves in one direction from A to B then returns 
back to A, the magnitude of displacement = 0 and the distance 
covered = 2 AB 
1 
An athlete has moved to west through a displacement of (50 m), then moved back to east 
through a displacement of (30 m). Calculate the distance covered and the displacement 
of the athlete. 


The covered distance : s = 50 + 30 = 80 m West Last 


a eee 


The displacement of the athlete : d=+50-30=+20m 


——_++-__ 


~. The athlete displaced 20 m to west. 30m Fnd Displacement 


mi 
A rectangle (ABCD) is of length 30 cm and width 20 cm. Find the distance and the 
displacement covered by an object moving along its perimeter in the following cases : 

(a) The object moves from (A) to (B). 

(b) The object moves from (A) to (D) passing by the points (B) and (C). 

(c) The object moves from (A) passing by the points (B), (C) and (D) returning back to (A). 
What do you conclude in cach case ? 
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Solution 


Path of object | Distance moved | Displacement Conclusion il 
A 30cm „B 
piney 


d=30 emin | Displacement (d) = Distance (s) 
= 301 

s=30cm the direction of | Because the object moves in 
AB one direction. 


Displacement (d) = ` 
aum d=20cmin | The shortest length of 
§ |s=30+20 +30 5 
i iS the direction of | the line segment between 
bo oem E] = 80cm AD the starting point (A) and 
the end point (D). 
A 30cm „B Displacement (d) =0 


E E $= 30+20+30+20 Because the starting point (A) 


D öm È 


= 100 com is the end point itself, 


An object moves along the circumference of a circle of. radius2 cm. Find the distance and 
the displacement covered by the object when it moves : 


(a) 4 revolution. (b) 3 revolution. (c) a complete revolution, 


| Solution 


Displacement (d) 


d=2r=2x2=4cm 
in the direction from a to b. 


| From Pythagoras theorem : 


x2 | d=Y(cay + (bey = 72" +2) =2V2 em 


in the direction from a to b. 


d = zero + because its starting point is exactly its 
end point. 
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Notes : 


e When a body moves in a circular path, then : 


1, The magnitude of its displacement when it moves -+ revolution = 


1 
4 
The magnitude of its displacement when it moves 3 revolution 


2, Its displacement when it moves i revolution # Its displacement 


when it moves. 3 revolution, because the displacement is a vector 


quantity defined by its magnitude and direction. 


» Test yourself 


magniti f the displac yy body b ater than the distance 
red by the Explain your an 


epresentation of vector quantities 


© The vector quantity is represented by a directed straight segment ( —>» ) whose 
base is at the starting point and its tip is at the end point where : “EKB 


¢ Its length is proportional to the vector magnitude. ron 
TA ` i hoy 
The arrow direction points to the direction of the vector quantity. Be the pisn 


“ctop point 
e The vector quantity is denoted by a bold letter (A) or a letter 


tagged by a small arrow (A). 


© Two vectors may be equal or not according to their magnitudes and the direction of each of 
them as follows : 


= ——r 
Two vectors are equal when they have: Having the same Having different 
rs starting point starting points 


x i x 
ae — 
- The same direction. T E 


e o 


- The same magnitude. 


(even if they have different starting points) X-F 
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Two vectors are not equal when they have : 


Or 


— 


> Different directions : > Different magnitudes : 


(even if they have the same magnitude) (even if they have the same direction) 


~ A 
T f> 


—Note ‘- 


e Vector (-A) has a magnitude which is equal to the magnitude of 


vector (A) but opposite in direction. 


(od product) (Cross produet) 


| First | Resultant (addition) of vectors pe 


© When two forces or more act on an object (as in the opposite The resultant force (F) 
figure), this object will move in a certain direction determined 
by the resultant of the forces acting on the object which is 
called the resultant force (F) which is a single force that 
produces the same effect on an object as that produced by 
the original acting forces. 


Application : 

- If two forces of magnitudes 300 N and 
400 N act on a car in the same direction, 
the car will move a certain distance 
during a certain time. 


+ If the two forces is replaced by a force 
of magnitude 700 N, the car will move 
the same distance during the same time 
as in the first case when it was affected 
by the two forces. 


This means that : The 700 N force makes the same effect on the car as the two forces 300 N, 


400 N therefore it is the resultant of these two forces. 


l How to add two vectors : 


~ If there is two vectors as in the opposite figure, they 
can be added by two methods as follows : 


By drawing a triangle 


- Move onc of the two vectors without 
changing its direction or magnitude, to 
make the end point of one of them at 
the same point of starting the other. 


aan 


. Join the starting point of vector A with the 
end point of vector Bo the vector Č will 
represent the resultant vector which has 
a direction from ‘the starting point of Ato 
the end point of B. 


oN 


By drawing a parallelogram 


1. Move one of the two vectors without 
changing its direction or magnitude, 
to make the two vectors have the same 
Starting point. 

& 


> 


2. Draw two sides (parallel to the vectors 
A and B) that complete the shape of 
the parallelogram where the diagonal 
represents the resultant vector C that 
have a direction from the starting point 
of the two vectors to point E. 


l Finding the resultant of two perpendicular vectors 


1| Graphically : 
If the two vectors equal 3 N and 4N : 
1. Draw a horizontal line (AB), on the graph paper, of 
length 3 cm to represent the first vector (F, = 3 N). 
. Perpendicular to (AB) at the point (A), draw 
a vertical line (AD) of length 4 cm to represent 
the second vector (Fy =4N). 
|. Complete the rectangle ABCD. 
. Join the diagonal (AC) to represent the magnitude and 
direction of the resultant (F). 
. Measure the length of the line segment (AC) that represents the magnitude of the resultant. 
. Measure the angle 6 (BAC) that defines the direction of the resultant relative to 


the first vector (F,). 


Theoretically : 


1. Find the magnitude of the resultant using Pythagoras’ theorem for the right 
angled triangle : (ACY = (AB)? + (BC)? 


AP SRS. ply er 
ý at —INlote : — 


2. We can find the angle (0) by the relation ; tan @ = -i | K-B2A+@) 


Find the resultant of two forces; one of them acts in 
the direction of x-axis (F, = 4 N), while the other acts 
in the direction of y-axis (F, =3 N) as shown in 

the figure, then find the angle which is made by 

the resultant with x-axis. 


CHAPTER 
\2 


| Solution 


Complete the shape of parallelogram. A rectangle is obtained since the two forces are 
perpendicular to cach other. Thus, the diagonal represents the resultant F as shown, 


Applying Pythagoras’ theorem : 
2 Pa Rr 
Fski+ Fy 
F={F + F =Y16+9 =25=5 N 
F 
tan 0 


x 


8 = 36.87° 


| Second | Resolution of a vector 


© Resolution of a vector is the reverse operation for getting A 


the resultant of perpendicular vectors where a force can be 
resolved into two perpendicular forces along dimensions 
(x,y); thus : 


(F,) the force component in x-axis (Fy) the force component in y-axis 
direction (horizontal component). direction (vertical component). 


Opposite F; 


sin@= Hypotenuse =F 


Fsin@ 
\ 


/Example Ly 


A man pulls a bag by a rope using a force of 20 N in a direction 


that makes an angle 30° with the horizontal. Find the force 


components in each of x and y dimensions. 


Solution 
F, =F cos 0 = 20 cos 30° = 17.3 N 


F,, = F sin 0 = 20 sin 30° = 10N 


Example f4 


Hassan starts his motion with Omar from the same 
starting point to reach a soccer playground of 
rectangular shape. If Hassan covered a displacement 
of 150 m and Omar covered a displacement of 

120 m, calculate the area of the playground. 


Solution 


q, Clue 


We can find the length and the width of the 
playground by resolving the displacements 
of Hassan and Omar. 


Í, =A cos 30-B cos 50 
= 120 cos 30 - 150 cos 50 = 7.5m 
=B sin 50 - A sin 30 
= 150 sin 50 — 120 sin 30 = 54.9 m 
The area of the playground = ih =75 x 54.9 =411.75 m? 
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CHAPTER 
1 


Product of vectors 


© There are different forms of finding the product of two vectors : 


1 | Scalar (dot) product 


=$: ai p 
* The dot product of two vectors A and B is expressed as follows : b 


A.B=AB cos 0 F 
Where : A is the numerical value of vector A , B is the numerical value of vector B , 
@ is the angle between the vectors A and B, the sign (-) is pronounced “dot” and the result 
is a scular quantity. 


If the angle between the two vectors A and B : 


. B =AB cos 0 . B =AB cos 90 
.B=AB (maximum value) .B=0 (vanished) 


Vector (cross) product 


* When multiplying the two vectors Kana B 
(vector multiplication), the result will be vector 
C which is perpendicular to the plane of both 
vectors A and B. 


* The vector (cross) product of two vectors A and B is expressed as follows : 


C=AAB=ABsinOn 


is a unit vector perpendicular to the plane of both vectors A and B, 
the sign (a) is pronounced “cross” and the result C is a vector quantity its direction is 
determined by using the right hand rule, 


Tf the angle between the two vectors A and B : 
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Espen AB sin 90 n 


A a B =0 (vanished) =AB n (maximum value): ) 


| The right hand rule 


© Usage: 
To define the direction of the vector product © 
of two vectors A and B. 


© How to apply? 
Move the fingers of the right hand from the first 
vector towards the second vector through the smaller 
angle between them (8), the thumb then points to 
the direction of their vector product. 


© In case of : 


=A aB numerically, if @ = 45° 
Bad 
if@=0(A//B) =0 if @=90 (A LB) 
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If the magnitude of two vectors Fand Bare A =5 units and B = 10 units 
Find the result of each of : 
(A.B WRA B 
Given that the angle between the two vectors is 60°. 
| Solution 
(a) K..B=AB cos 0 
=5 x 10 cos 60° = 25 units 
(b) Kx B=ABsin On 
= (5 x 10 x sin 60°) n = 43.3 n units 


g Test yourself — - ` 


J > 
Choose : Two vectors x and y, the angle between them is 180°. Which of the following 


| mathematical operations should equal zero ? 


@x+y ®x-y 
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QUESTIONS ON 
Chapter 2 


Multiple choice questions 


o Which of the following sentences describes a fundamental scalar quantity ? 


(a) The weight of a man is 800 N (b) A girl moves a displacement 80 m to east 


© The kinetic energy of a car is 500 J @ The mass of a piece of iron is 60 kg 


K2) From the examples of the fundamental vector quantities 
(a) the acting force on a body moving to east 
(b) the acceleration of a body moving to north 


(©) the mass of a static body @ the displacement of a moving body 


C3) Which of the following sentences describes a derived vector quantity ? -+ 
G The temperature of a body is 37°C 
O) The displacement of a body moving to west is 50 m 
(©) The velocity by which a body moves to east is 2 m/s 


@ The mass of a body is 10 kg 


K) A rat climbs up a distance of 4 m on a wall to search for food, then returns to its 
starting point on the ground, so its displacement equals «+--+ 
(a) 16m @®sm ©O4m @ zero 


cS) Tn which of the following cases, the displacement has the largest value ? 


Q An athlete covers a distance of 250 m to east then returned 
100 m to west as in the opposite figure. Thus, 
(i) The distance he moved equals - 
(a) 250 m ©) 350 m © 150m @ 100 m 


(ii) The displacement of the athlete is - 


(a) 350 m to east (350 mto west (©) 150 m to east @ 150 m to west 
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QUESTIONS ON CHAPTER 
\2 


@ In the opposite figure there is a car moving in a curved road. LP _ > 


Tf the total displacement of the car is 2 km, then the distance Qr 
moved by the car might be -+-+ : 7 VSN 


(@) 3000 m ® 2km 
©15km @2.7m 


o The opposite graph represents the relation between sam) 
the displacement and the time for a body moving in 
a straight line. What is the total distance covered by 
the body during 10 s ? 
OL wsm 
@ 24m 


o An object moves along the circumference of a circle of radius 1, if the object 
covered 3 of a revolution, then the displacement will be ----- 


Dar 2a Onz D075 


® A body moves along the circumference of a circle of radius r. If it completes two 


revolutions, so its displacement is =- 


r © 2p @ 2nr 


oO The magnitude of the displacement of a body moving along the circumference of a circle 
when it completes + of a revolution is the magnitude of its displacement when 
it completes 3 of a revolution. 


(a) half D 3 times © equal to @ one third of 


@ An object moves along the circumference of a circle of radius r. The ratio between 


the distance covered by it and its displacement during + of a revolution is ==- 


@r 


© y Tf a body moves as the path shown in the opposite Sia 
lart 
figure, so the distance and the displacement covered by 


the body are -= respectively. 
@3m.6m ®)7m,7m 
©7m,5m ®7m.4m 
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© The opposite graph represents the relation between 
the displacement (d) and the distance (s) covered by 
a body which is moving in a circular path. What is 
the radius of this circular path ? 
lm 


f2m rm 


®© a A body moves along the wall of the garden shown in 
the opposite figure which has a uniform circular shape. 
If the distance moved by the body from the first gate 
to the second gate is 44 m, then the minimum distance 
between the first gate and the third gate is - 
88m 044m 
©56m @28m 


O The vector A is usually denoted by 
@A OLN 


© The two vectors A and B are equal in the figure = 


® The addition of the two vectors shown in the opposite diagram 
is represented by the diagram labeled 


x g 7 X X Y 
ce E E 


@ ® 


QUESTIONS ON CHAPTER 


© The opposite figure represents two vectors A and B. Which x ae 
B 
of the following figures represents the resultant of subtracting p 


the two vectors (B — A) ? 


® A man covered a displacement A in the eastern south direction, so the figure that describes 
the two components A, and A, for the vector A 


North 


® The ratio between the force acting on the car in 
the first case and the force acting on the car in 
the second case is 


(a) greater than | 

(®) equal to 1 

@© less than 1 

@ we should know the distance moved by the car 
in the two cases to determine the answer. 


(22) The opposite figure represents a body which is affected 
by several forces. Which one of the following figures 
represents a body that is affected by the same resultant 
force ? = 


EEE si ily ole Ayl au Yy pale ty Sold ages ald Jaai (duo 


® Hin the opposite figure there are several vectors, which 


one of the following relations is incorrect ? ---- 


24) A force (F) makes angle 8 with the horizontal, when ==- its horizontal component (F,) 
will be greater than its vertical component (Fy). 


@e<4s° ®oe=45° @4s° <0 < 90° 


The opposite table shows the relation between the resultant 
force (F,) of two forces and the angle (0) between them, 
then the values of the two forces are 


(@6N,5N ONIAN 


There are four forces acting on a body, where their resultant and 
the angle that the resultant makes with the horizontal are 
respectively. 

@NVZF ,63.43° ONS F ..37.57° 
ONVZ F, 37.57° @Y5 EF ,63.43° 


@ In the opposite figure : 
The force F is the resultant of the two 
forces F, and Fy , then 
OF, <F, <F 
()F <F, <Fy @F, <F<F, 


23) In the opposite figure : 
There are three forces acting on a body 
+ Where their resultant is 


@vsF 
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QUESTIONS ON CHAPTER 


® \Y Ir the resultant of the two vectors A and Bis 
the vector Č, which figure of the following figures 


represents the vector C ? ss 


Pn p T = 
E T B T 
T 
Ci 
- = —* 
5 5 


@ ® £ 
oy In the opposite figure the vector A has a length of 14 cm 
and makes an angle of 60° with the positive direction of x-axis, 
and the vector B has a length of 20 cm and makes an angle 
of 20° with the positive direction of x-axis, so the magnitude 
and the direction of their resultant are -+= and srs 
respectively. 
(@6 cm, makes an angle of 40° with the positive direction of x-axis 
@® 17 cm, makes an angle of 30° with the positive direction of x-axis 
@© 32 cm, makes an angle of 36° with the positive direction of x-axis 
@ 34 cm, makes an angle of 40° with the positive direction of x-axis 


@ the scalar product of two vectors becomes maximum when the angle between them 
ign ede 
@o OLS © 60 @ 90° 
d (32) If the magnitudes of the two vectors A and B are A = 10 units and B = 20 units and 
the angle between them is 60°, then the scalar product of the two vectors equals ~ 
@® 200 ® 100 ©w @ 50 


® There are two vectors A and B, where A = 8 cm and B = 2 cm and the angle (8) between 
them-is 30°, then the magnitude of their vector product equals =- cm. 
O E ®s5 ©8113 @8 

© The magnitude of the vector product of two vectors vanishes and also their resultant vanishes, 
when the two vectors have the same magnitude and the angle between them is 
@ 180° ® w° e4s° @o 


& If the angle between the two vectors A and B is 0, then (A aB)+ B A D) = 


@ABsinen 2(A.B) ©2(AnB) @ zero 
7 
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© The magnitudes of two perpendicular vectors are 3 units and 5 units. If the vertical vector 
rotates by 60°, then the vector product of the two vectors is 
@15 Os ©75 

@ If the angle between the two vectors X and Y is 44°, then the ratio between the magnitude 


of their vector product and their scalar product is . 
`) less than 1 


arger than 1 
) there is not enough information 


® The opposite figure represents two vectors. X and Y 
which are equal in magnitude and the angle between 
them equals 90°. Which one of the following operations 


equals zero ? - 


©X.Y 
39) ad The diagram shows two vectors Xand ¥: 


X a 
Ve : 
= Bom 


In which vector triangle does the vector Z show the magnitude and direction of vector 


X-Y? 
z 


© 


D y A glider is descending at constant speed at an angle of 15° 
to the horizontal. The opposite diagram shows the directions 
of the lift L, air resistance R and weight W acting on the glider. 
Which vector triangle could represent the forces acting on the 


glider ? 
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QUESTIONS ON CHAPTER 2 


© a The table shows the x-component and y-component of four force vectors. 
Which force vector has the largest magnitude ? 


@ g A vector quantity V is resolved into two perpendicular 
components X and Y. The angle between V and the component X 
is 0. The angle between the component X and the vector V is 
increased from 0° to 90°. How do the magnitudes of X and Y 
change as the angle @ is increased by this way ? 


increase increase 


increase decrease 
decrease increase 


decrease decrease 


® ~ The diagram shows a resultant force and its 
horizontal and vertical components. The horizontal 
component is 20 N and @ = 30°. What is the vertical 
component ? sss. p SEERP 
87N (DION 
NSN @173N 


Resottant 


conypaanent 


© y Two forces, each of 10 N, act at a point P as shown 
in the diagram. The angle between the directions of 
the forces is 120°. 
What is the magnitude of the resultant force ? 
DSN (®10N 


45) y If the vector product of two vectors Aa B=C then A .C= 


@ zero ®B © @ no correct answer 


(ergy lee fgets NTETE E 
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cum Essay questions 


o Ts the distance between two objects enough to determine the location of each one of them? 
And why ? 


@ Can you represent the distance covered by a moving body with an arrow ? And why ? 


@ Explain the following sentences : 


(1) Two vectors are unequal although they have the same magnitude and a common 
starting point. 


(2) The magnitude of the vector product has its maximum value at @=90° 


o In the opposite figure there are two cars A and B starting &' Se x 
their motion from the same starting point. Explain why # 
their displacements aren't equal although they are equal 
in magnitude. NZ 


© When does ...? 


(1) The difference between two vectors equal to zero. 


(2) The magnitude of the vector product of two vectors equal to the magnitude of their dot 
product ? 


C6) What happens when three forces of different magnitudes and directions act on a stationary 
object ? 


C7) Y The opposite figure shows the (distance - time) xt) 
graph of a body moving in a circular path of radius r : 
(a) At what point does the displacement equal 2r ? 
(b) What is the displacement of the body when it 
reaches point D ? 


© Is it possible for the magnitude of a vector to be a negative value ? Explain. 


o Illustrate by drawing only the resultant of forces indicated in each diagram : 


a) 
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QUESTIONS ON CHAPTER 


Ko) y Two vectors of magnitude 4 cm and 3 cm respectively, arrange the following cases 
of the two vectors according to the magnitude of the resultant in each case. And then 
explain your answer. 


t A & & 


qd) (2) (3) 


QO The opposite figure shows the two vectors D, and D>. Which one of 
the following vectors represent the vector D, - 2D) ? Explain your 
answer. 


a (2) (3) (4) 


@ y If F = V a B and the vector V is perpendicular on the vector B, what is 
the direction of vector F in the following two cases ? 


a) 
13) y Ifa. ©. do B and ¢ must be equal ? And why ? 


14) The opposite figure shows four vectors B.C , D and E 
that are equal in magnitude and opposite in direction. 
If each vector of them was multiplicated by the vector A 
a scalar multiplication, then which of the scalar products 
of the previous operation : 
(a) are equal. 
(b) have a negative value. 
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& Which of the following mathematical expressions is right and which of them is 
wrong ? Explaining the wrong expressions. 
MA.B.E 


DAB. O 


(B.C) 
BA. BaO AABO 


Problems 
( Distance and displacement : ) 


@ An object has moved from the position (A) to the position (B) 
then it changed its direction to reach position (C) as shown 
in the figure. Find : 
(a) The covered distance. 
(b) The object displacement. 
(c) The distance and displacement when it returns to position (A). 
(14 m, 10 m in the direction of AC. 28 m, zero) 
K2) Use the opposite diagram to find the displacement 


and the distance moved from A to H given that the 
length of each side = 10 m 


(10 min direction of AH, 70 m) y 


@ A rubber ball fell from 50 cm high and kept bouncing oe" 
along a vertical path as shown in the opposite figure. @ mem 
Find the total distance and the total displacement 


1em 
covered by it. 


(130 cm, 50 cm downwards) 


© The opposite graph represents the relation 


between the displacement of an object and time. 
Find its displacement and the total distance 
covered by it. 


(- 10 m, 50 m) 
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QUESTIONS ON CHAPTER 


(5) Find the distance and displacement of an object when it moves 
along the circumference of a circle of center M and a radius 
of 7 m from A to B, then find the distance and displacement 
when it returns back to A one more time. 
(22 m, 14 m in the direction of AB, 44 m, zero) 


An object moves along the circumference of a circle of diameter 4 m. Find the distance 
and the displacement covered by the object when it : 

(a) covers half the circle. 

(b) completes one revolution, 

(c) makes 1.75 revolutions, (6.28 m, 4 m, 12.57 m, 0.22 m, 2 V2 m) 


(7) In the opposite diagram, a person has moved from point (A) 
to point (E) passing by the points (B), (C) and (D). 
Find his displacement and the distance moved by him. 


(10072 m in the direction of AE. 200 m) 


(s) wa boy rides his bicycle starting from point A and moves a distance of 4.55 km to 
the east , then he takes a circular path which its center is the point A and he moves in 
clockwise direction till he reaches the point B which is located directly south the point A, 
after that he moves a distance 1.8 km to north till he reaches the point C. calculate : 
(a) The displacement of the boy from the point A. 
(b) The total distance moved by the boy. (2.75 km in the direction of AG, 13.5 km) 


` [ Vectors : ) 
(9) Use the ruler and the protractor to find the resultant of two vectors that start from 


the same point and the magnitude of the first (2 cm) while the other (3 cm) and the angle 
between their directions (115°). 


(10) Find the magnitude and the direction of the resultant of two perpendicular forces F JFys 
knowing that they have the same starting point where F, = 8 N . Fy =6N 
Show that by drawing the vectors. (10 N , 36.87") 


oO Two equal perpendicular forces F} = F, act on an object. If their resultant has magnitude 
of 20 N and makes an angle 45° with the x-axis, find : 


(a) The magnitude of each of F} and F, 
(b) The dot product and the cross product of the two forces. 
(14.14 N. 14.14 N,0, 1999 0) 
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magnitude is 9 N and the other (F,) is in the direction of west and its magnitude is 12 N. 


Calculate the resultant of the two forces F. (SN) 


13) The resultant of two perpendicular forces is 10 N as in 
the opposite figure and the magnitude of one of them 
is 8 N. Find the magnitude of the other one and the 
angle it makes with the resultant. 
(6 N, 53.13°) 


r z y 
® Calculate the horizontal and the vertical components ? 
x 


of the displacement covered by Superman in the ane, 
opposite figure. NO 


(5073 m .50m) 


G A ship sails to north at velocity 12 km/h, Due to tide, it is deviated to west at velocity 
15 kmh. Find the magnitude and direction of the resultant velocity of the ship. 
(19.2 km/h. 38.66% in the northern west direction) 


© A motorcyclist drove to north at velocity 80 km/h. Meanwhile wind was blowing towards 
west at velocity 50 km/h. Calculate the apparent velocity of wind as observed by the 
motorcyclist. (94.34 km/h to the western south) 


@ A small aircraft had departed the airport. After a while, the pilot reported the airport 
tower that the craft is at 215 km away in a northern east direction that makes an angle 
22° to east. How far was the craft from the tower to the east and to the north? 

(199.34 km, 80.54 km) 


8) Two forces F =4N , 9 N act on a static body, calculate the resultant magnitude and 
direction if 
(a) The two forces are in opposite direction and act on the same line of action. 


(b) Val F} is in x-direction, F, makes an angle 100° with the x-axis. 
(5 N in the direction of Fy .9.19.N .74.6°) 


®© Find the dot product of the two vectors y 


shown in the figure. 
uf, 


F=328N 
r= 173em 


n? 


(533.2 N.cm) 
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QUESTIONS ON CHAPTER 


® Vector a has a horizontal component of 3 units and a vertical component of 5 units 
and vector b has a horizontal component of 2 units and a vertical component of 4 units. 
Calculate : 
(a)anb (bya.b ()(a+b).6 


(21 units, 26 units, 46 units) 


@ ‘Two vectors (A = 3 units , B = 5 units) have scalar product of 7.5, calculate their vector 
product and then mention the used rule to define the direction of the vector product of 
the two vectors A and B. (12,99 7 . the right hand rule) 


(22) There are two vectors A and B, where the magnitude of vector A is double the magnitude 
of vector B and their vector product equals 13.5 Rand their scalar product equals 4.5 
Calculate the magnitude of vector A. (5.58 units) 


(23) Use the opposite diagram to find the dot product and F=60N Fs 120N 
the cross product of the two forces F and F, (- 7200 N, zero) 


@ In the opposite diagram two forces Fi of magnitude 6 N and 
T of magnitude 9 N act at a certain point. Find the dot product 
and the cross product of the two forces. 


(E 27'N 46.77 n) 


25) The following table illustrates the relation between the displacement of a body in straight 
line and time : 


d(m) 0 5 


Le (s) 0 1 


(a) Plot the graph between displacement (d) on y-axis and time (t) on x-axis. 
(b) From the graph find : 
1- The displacement. 2- The total distance covered by the body. 


(10 m, 20 m) 
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a MODEL EXAM ON 
+ Chapter 2 


First à Choose the correct answer 


P LD The vector product of the two vectors XK and Bin figure (1) is ses 
© greater than that in figure (2) 
ie ©) less than that in figure (2) = zal 
A A 
z © equal to the vector product of the two vectors 
W A and B in figure (2) F a 
9 @ equal to the scalar product of the two vectors Figure (1) Figure (2) 
D A and B in figure (2) t 
< 
e — 7} 
y | EP The following figire represents a group of n 4 
vectors, then vector ¢ equals -+--* ianh 
X j 4) 


Ð If the distance covered by a body moving in a circular path after x revolution is 22 m, 
then its displacement during l revolution equals 


a) 28 m D44 m © 142m D 282m i 


l Rn Su \ 
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[eain Joe aati] 


MODEL EXAM ON CHAPTER 2 
= 


© In the opposite figure there are two perpendicular m 
ai (resultant) 
forces F, and Fy. so the value of angle 8 is - a 
D 30° (bh) 60° 


© 45° (@ 90° 


6 y The opposite figure shows two vectors A and B which have 
magnitudes of 50 units and 150 units respectively. The magnitude 
and the direction of their vector product (A A B) are s and 

~ respectively. 
6495.19 units, perpendicular on the page inwards 
(b) 3750 units, perpendicular on the page outwards 
© 3750 units, perpendicular on the page inwards 
(9 6495.19 units, perpendicular on the page outwards 


(6) The opposite figure shows four forces acting on a body, 
so the magnitude and the direction of their resultant are 
= and oes -+ respectively. 
@) 8 N, makes angle 53.13° with the horizontal 
W) 8 N, makes angle 45° with the horizontal 
© 5 N, makes angle 36.87° with the horizontal 


@5.N, makes angle 30° with the horizontal 


o If the Earth orbits the Sun in a circular path of radius 1.5 x 10"! m and it completes 
one revolution every solar year, then the displacement of the Earth during three months 
is -w (neglecting the motion of the Sun) 

V2 x10"! m D3 x10! m ©) 242x110! m  @212x 10"! m 


C3] Tn the opposite figure the force F is the resultant of 
the two forces F, and Fy. then +» 


DR < Fy <F OF, <F,<F 
OF<F,<F, @ Fy <F<F, 
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EEE] ci eg he yyy Yy al lt Sal eg gali al a 


Ko) Ca If a body moves in the shown path, then the displacement Start 
and the distance covered by it are and eese respectively- 


@) 100 m, 50m Œ) 90 m ,20 m 


(90m ,90 m @)50 m 90 m 


® y The opposite figures represents the 
components of the vectors A and B, so 
which of the following figures represent 


the resultant of the two vectors ? + 


®© Find the scalar product of the two vectors 


shown in the opposite figure. 


12) Y“ The opposite figure represents the (distance - time) 
graph of a body moving in a circular path of radius R. 
What is the ratio between its displacement at point A 


and its displacement at point B. 


10m 


@® When does X.Y =X Zt 


® a ‘The opposite figure shows two vectors A and B, 
where A = 8 cm and the resultant of the two vectors 
is perpendicular on Ñ. Calculate the magnitude of 
vector B. 


G Which of the following mathematical expressions is right ? Explaining the wrong 
expressions : 


() (A +B) + B.C) 
(2)(A.B)+Ba® 


the motion of a man moving in a track. If he starts 
his motion from one end of the track, calculate : 
(a) The minimum length of the track. 

(b) The distance and the displacement covered 


by the man, 
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© y Vector A has a horizontal component of 4 cm and a vertical component of — 7.5 cm. 
Vector B has a horizontal component of — 2.5 cm and a vertical component of 5 cm. 


1fA+C=A+B find the components of vector en 
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M 


i Choose the correct answer 


AÐ The pound is the measuring unit of the mass in the =- system, 
D British D international 
© French d) all answers are correct 


The best way to judge the accuracy of measurement is through . 1 
© the absolute error 
D the relative error 


©) the product of the relative error and the absolute error 
d all of them 


Based on the right hand rule for the cross product of two vectors. The thumb points to 7 
the direction of . 4 
a the first vector j n 
b) the second vector ki 


©) the first vector with respect to the second % 

d vector product of the two vectors 9 
€) If the kinetic energy of a body is given by the relation + my?, then its dimensional S] 

formula is 5 it 

a) ML? T? MLT? OML! T? D ML? r? 9 
©) The vernier caliper is used in measuring === Po. 

W small masses b) the distance between cities 4 

© small lengths @ large intervals of time 7} 


6s 
$ a ” ” + “ . + 
C2 CR ieee cea eter) by 


[eain Joe aati] 


@o0° ®© 60° © 90° 
@ If two forces Fi =4N and F =3 N acted on a body, then the net force on the body 


©IN 


@ If the resultant of two forces has a magnitude smaller than that of the larger force 
«then the two forces must be 
different in both magnitude and direction 
perpendicular to each other 
(©) having very small magnitudes 
@ in opposite direction 


oO Which of the following choices describes 
the opposite figure ? - Unt] 
@A+B=C 
©@C+A=B 


® Hassan measured the length of a building by a meter tape, it was found to be (10 + 0.1) m, 
then 


| The type of measurement 
Direct 
Direct 
Indirect 


Indirect 


Cyan Answer the following questions 


© Mention one use for the hydrometer. 


@ From the opposite figure : 
If a body moves along the circumference of the circle 
from point A to point B, calculate the covered distance 
and displacement by the body. 
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ACCUMULATIVE EXAM ON UNIT 


®© If: x= (5 + 0.1) m and y = (7 + 0.2) m, calculate : 
(a= (b)x+2y 


14) Cylinder of radius 5 cm and height 20 cm, is made of iron of density 7800 kg/m, find; 
(a) The volume of the cylinder in nm’. 


(b) The mass of the cylinder in mg. 


US) An aeroplane had departed the airport, Alter a while, the pilot reported the airport tower 
that the craft is at 325 km away in a northern west direction that makes an angle 35° to 
west. How far was the aeroplane from the tower to the west and to the north ? 


Kio) Two equal perpendicular forces F, = F act on an object. If their resultant has a magnitude 
of 35 N and makes an angle 45° to y-axis, find : 
(a) The magnitude of each F} and F}. 


(b) The dot product and the cross product of the two forces. 


17) Calculate the absolute error in measuring the area of a room, if the relative error in 
ar è 2 
measuring it is 0.04 and the actual arca is 45 m^. 
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Linear Motion 


UNIT 2 


Unit objectives 
By the end of this unit, the student will 
be able to: 
Chapter 1: 
+ Define the concept of motion in 
a straight line. 
+ Identify the types of motion. 
+ Plot and explain the different graphs that 
represent the relationships : (displacement 
- time) and (velocity - time). 
+ Differentiate and compare 
the types of velocity. 
+ Inquire, analyze and explain the 
graphical representations related 
to linear motion. 
Chapter 2: 
+ Deduce the equations of motion 
at uniform acceleration. 
Identify the motion of objects under free 
fall. 
< Conclude the motion in two dimensions 
such as projectile motion. 
* Design an experiment to determine 
the free fall acceleration, 
Chapter3: 
+ Define the concept of force and inertia, 
e Explain the action - reaction coupling. 


hapter (7) 


Motion in a Straight Line. 
Lesson 1: Motion. 
Lesson 2: Acceleration. 


Lesson 2 : Applications of Motion with j 


Uniform Acceleration (Free Fall ~ 
Vertical Projectiles). 

Lesson 3 : Follow Applications of Motion 
with Uniform Acceleration (Two- 
Dimensional Projectiles). 


> Model Exam on Chapter 1. > Model Exam on Chapter 2. 

(Chapter Q -.| Chapter © 
Motion with Uniform Acceleration. Force and Motion. 
Lesson 1: Equations of Motion. > Model Exam on Chapter 3. 


> Accumulative Exam on Units (1 & 2). 
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Chapter 1 


LESSON ONE 


(U Motion: 


© The concept of motion is related to the change in 
the position of an object relative to another static object as 
time passes, then when the position of an object changes 
as time passes we can say that the object is moving. 


Static object 
© The motion of an object can be represented by : taking a series of successive photos in 
equal intervals of time and by putting these photos in one photo we get a pattern that shows 
the sequence of motion which is called the motion diagram. 
Enrichment information 


For simplicity, any body is treated as a point, neglecting by that the internal structure, 
the volume and the geometrical shape of the body even if this body is a person or a galaxy. 


T types of motion: | ag 


© Motion can be classified into two main types: 


V 


oO — (27 
Translational motion . Periodic motion a 
> It is the motion which is characterized by > It is the motion that repeats itself over a 
having a starting point and an end point. equal intervals of time. 4 
\ 
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Examples 


b Motion in a straight line (the simplest type > Vibrational motion : 
of motion) : For example : 

For example : - The pendulum motion. 

~ The train motion. - The motion of the | 

- The motion of strings of the musical ® è —® 
a ball sliding on a instruments. = 
a horizontal plane. > Circular motion : 

> Projectile motion : For gxample:: 

For example : The motion of a projectile Satiemotion of 


uhi i a mass which is 
which is projected from the nozzle of tied|to a thread 


and moving in 
a circular path. 

~ The motion of the Moon around 
the Earth during a month, 


— 


Täst Yourself 2 2 a-s I 


! Determine the type of motion of each of the following bodies : 

1. The motion of the planets | 2. The motion of a box 3. The motion of electrons 
around the Sun. which is sliding on around the nucleus. 

an inclined plane, 


6. The motion of the blades 
which is attached to "which is fired edini the | ofa fan. 
a spring. | nozzle of a pistol. 
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CHAPTER 
= T iessonone 


Now we will study some concepts which is related to the motion in a straight line such as 
velocity and acceleration. 


Velocity (v) 


* If a car moves to cover a distance in a certain direction 
(displacement) Ad in time interval At, the car velocity (v) 
can be found by the relation : 


* The unit of measuring velocity is m/s or km/h and its dimensional formula is LT 7). 
© The difference between the speed and the velocity of a body : 


£2) 
Velocity 
b-the distance moved by the object per unit > The displacement of the object per unit 
of time. of time. 
> Scalar quantity; defined by its magnitude Vector quantity; defined by its 
only. magnitude and direction, 
g- positive. > Positive in a certain direction and negative ! 


| in the opposite direction. 


-imne 2 
r Assume that : a 
The east direction is 
the positive direction. 
S __Then | 


The two cars © and ® move with The car @ moves with velocity 
a speed of 80 km/h. + 80 km/h in the east direction. 


The car @ moves with velocity 
L | = 80 km/h in the west direction. 


Uniform velocity Non-uniform velocity 


The velocity by which the object moves The velocity by which the object moves 
through equal displacements in equal through unequal displacements in equal 
intervals of time, where the object moves intervals of time, where the velocity changes 
at a velocity of constant magnitude in one its magnitude or direction or both of them. 
direction (straight line). if 

Example 
es 


Acar is moving as shown in figure A car is moving as shown in figure 
according to the data given in the according to the data given in the 
table below : table below : 


O Gy Go, Sam, Ge | ' gy Ge Gm Ge 


d(m) e= 10 + 10 eee 10 ee d(m) Se, > Ge , & 


(ae | o [iol ao[s0[4o[50} | [am [0 [2] 6 [2] 20] 30} 
LorPol Ty Tats) ee ee «8 


(gem the previous table, the velocity can a PAESE from the relation : v = = Ad 


we Rad 


v3 = 39= = 10 ms a em 


v= = 10 mis v= =} = 8 ms 


vs = $P = 10 mvs vs = 30=20 = 10 mis 

Obviously, we find that the car is displaced | Obviously, we find that the car is displaced 
through equal displacements in equal through unequal displacements in equal 
intervals of time. So, it is called intervals of time. So, it is called 

uniform velocity. non-uniform velocity. 


Notice that 
— 
> The velocity has a constant magnitude, > The velocity has a variable magnitude, 
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LESSON ONE 

__ Graphical representation 

When plotting the relation between the displacement (d) on the ordinate (y-axis) and time (t) 
on the abscissa (x-axis), we may get: 


Astraight line 


i 
H 
i 
i 
i 
i 
4 


3 t(s) 


1 4 
be slope of the straight line gives The slope of the tangent drawn to the curve 


| the uniform velocity at which at any point gives the instantaneous velocity | 


| the object moves : of the object at this point : 


-~ The velocity of the car att=2s 


Slope a (A= va = e=- 195E Sn? 245 ms | 


Slope = v = $$ = 40=20 = 10 mis 


~ The velocity of the car at t = 4 s 


Slope at (B) = vp = <2 ae AS 25 288m 
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When plotting the relation between the velocity (v) on the vertical axis and the time Ww 
on the horizontal axis, we may get : 


v(m/s) ba id 
ð 12 

10 

8 

6 

4 


se 0 


This means that: 


> The car covered equal displacements in equal > The car covered unequal displacements in 
intervals of time, so the car is moving with equal intervals of time, so the car is moving 
a uniform (constant) velocity of magnitude with non-uniform velocity, 

10 m/s. 


@ Test yourself — - 


l @ Choose : The opposite figure shows a man 

| that stands on the platform of a train station, 
where he observes a train that moves with 
a velocity of 30 m/s. If the train takes 3 s to 
pass till its end in front of the man, so the 
length of the train is ....... 


@10m @®27m ©30m 


C2) The opposite graph describes the motion of three bodies, 
arrange these bodies according to their velocities. 
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CHAPTER 
` 1 LESSON ONE 


© When the object moves at a uniform or non-uniform velocity: 


1. The velocity of the object at a certain instant is called the instantancous velocity (v). 


2. The average of the body's velocity during a certain interval of time is called the average 
velocity (¥). 


Instantaneous velocity (v) 


The velocity of the object at a given 
instant, 


curve at a certain instant. 


> The instantancous velocity of 
| an object is given by the slope of 
the tangent drawn to the curve at 


the point corresponding to that instant. 
~12 
Slope of tangent = v = a = Biy sa 25 


=8.8 m/s 


Which means that : the instantaneous 


K velocity at time 4 s is 8.8 m/s. 


Average velocity (7) 


> The total displacement of the object from 
the starting point to the end point divided 
| by the total time of motion. 


e | mathematical relation 


It is determined from the A of the tangent Lof the {displacement - time) 


us) 


The average velocity of an object is given 
by the slope of the line joining the starting 
point and the end point. 


= 30-0 


Ad 
at 5-0 
=6 m/s 
Which means that : the average velocity 
of the object is 6 m/s. | 
| jec __ 
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Notes: —____— e 
1. The average velocity differs from the average speed where : 
ity = -TO displacement Total distance 
Average velocity Total time j Average speed = aldm 
Average velocity is a vector quantity. Average speed is a scalar quantity. 
2. Instantancous velocity equals average velocity when the object moves by a uniform 
velocity in a straight line. dim) 


3. A body at rest is represented graphically in the 
displacement (d) - time (t) graph by a straight 
line parallel to the time axis (slope = 0). 

4. If the object was moving towards a fixed point, thén the graphical 
relation between the displacement of the object from this point (d) 
and time (t) becomes : 

Ke x Ken) 


KOJ KaJ 


Ci) 
The object is moving with | The object is moving with 
a uniform velocity. anon-uniform velocity, 
5. The displacement covered by a body can be determined from the (velocity - time) 
graph that describes the motion of the body, where : 
The displacement = The area under the (velocity - time) curve 


[Exampie El : 5 


A person drove a car in a straight line to cover 84 km in 0.12 h. When the fuel had run out, 
he walked 2 km along the same straight line to reach the nearest gas station after 0.5 h. 
(a) Calculate the average velocity of the person during this journey. 
(b) If the person returned back to his car in 0.6 h, calculate his average velocity during 
the whole joumey. 
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Solution 
(a) 
84km 
ecakdown Gas station 


Average velocity (7) = Total displacement (d) 


Total time (t) 
=gh = 16.77 kmh 


2km 
06h 


om 84km om 2km 
DIR OSh 
San Breokdown Gaseistion 

When the person returns back to the car, his total displacement = 8.4 km 


z 84 i 
vate SEES FOG = O89 kmh 


(o o Fhmn a a 
The opposite figure shows a man that 
moves from point a to point b, then he 
returns back until he reaches point g 
passing by points c, e and f. 

The opposite table shows the position 
of the man at each point and the time 
taken to reach that point : 

Calculate : 

(a) The total displacement of the man. 
(b) The average velocity. 

(c) The average speed. 
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Solution 
(a) 
Q, Clue 


The man starts his motion from point a (+ 30 m) and ends his motion at point g (~ 53 m), 
which means that his displacement is in the negative direction. 


ad=d,-d, 
=-53-30 

=-83m 
83 


(v= Base 1,66 m/s 


(c) 

Q, Clue h 
The man moves from point a to point b to cover distance Sap then he returns from 
point b to poim g to cover distance Sog 


S = Sib + Sbg 
= (52-30) + (52 - (- 53))= 127m 
3 Total distance _ _ 127 
“WV = Sima = 30-0 254 Ws 


The next graph represents the motion of agirl sun 
Srom her home until she returns back. 
Study the diagram, then find : 
(a) The time intervals at which the girl 
has stopped. 
(b) The maximum velocity at which the girl 
has moved. 
(c) Why is the velocity negative when 
returning back? 
(d) The displacement and total distance covered by the girl. 
(e) The average velocity and the average speed of the girl. 


oo w m w o wT BO? 
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\ 1 LESSON ONE 


| Sotution 
(a) 
Q, Clue 
The time intervals at which the girl has stopped are the intervals at which the displacement 
of the girl doesn't change with time. 
The girl has stopped at the intervals : be and de 


(b) 
Q, Clue 


The velocity of the girl is determined from the slope of the straight line that represents 
the (displacement - time) relation. 


The maximum velocity at which the girl has moved = 1.5 m/s 

(c) The velocity is negative when returning back because the girl moved in the opposite 
direction. 

()d=0 , $=20+10+30=60m 


(e) The average velocity = Total displacement = zero 


Total distance _ 60 
Joe CeCe SS 0 0.75 Til 
The average speed = Toul ti = 0.75 ns 


[Example Ei = 


The opposite graph shows the relation between 

the displacement of a body moving in a straight 

line and time. 

(a) Calculate the average velocity of the body 
from Isto Ss. 

(b) Ar which point in the graph, the instantancous 
velocity is maximum ? 

(c) At which point in the graph, the body is static ? 


Solution 

(a) 

Q, Clue 
To determine the average velocity of a body during 
a certain time interval from the (displacement - time) 
graph, we draw a straight line from the starting point 
of this interval to its ending point and then we 
calculate the slope of this line. 


| % 
Q, Clue 


The instantaneous velocity at a point is determined + 
by the slope of the tangent at this point and as 

the tangent becomes steeper the instantaneous 

velocity becomes larger. 


At point D, the instantaneous velocity is maximum. 
(©) 


Q, Clue 


The body becomes static when its displacement doesn't change with time, which means that 
the body's motion is represented by a straight line ‘parallel to the x-axis (the tangent’s slope 
of the (displacement - time) curve vanishes). 


At point A, the body is static, 


O} Test yourself 


Choose : 


0a car is moving in a straight line, it covers 100 km in two hours. If the maximum 
velocity reached by the car during this journey was 90 km/h and the minimum velocity 
was 30 km/h, then its average velocity is ..... 
@30 kmh ®© 50 kmh 


È The opposite figure shows the path of a moving car. 
If the car covered this path in half an hour, then its 
average speed equals s. 


®© l0kmh 
© 30 kmh 


100 
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CHAPTER 
1 


LESSON ONE 
| © The opposite graph describes the relation se 
between the displacement of a moving 

body and the time, so at which time 

points will the body's instantaneous 

velocity equal zero ? 


& Practical 


Experiment 
_1. Experiment Objectives : _ 
+ Observing the relation between the displacement of a toy car that is moving beside 
a ruler and the time of motion. 


Drawing the (displacement - ~ time) graph for the motion of the car and calculating its 
speed from the graph. 


city of a moying object 


2. A meter ruler. 3. A digital camera. 


1. Fix a metric ruler aside the path by which the car would pass. 
2. Mount the camera facing the toy and the ruler and turn it on. 
3. Place the car at the start line and allow 
it to move in a straight line parallel to 
the ruler. 
4. Determine the car position every 5 seconds by reading the metric ruler on the video display. 
5. Record the results in a table as shown : 


6. Plot a graphical relationship between time (t) on the horizontal axis and displacement (d) 
on the vertical axis. 


4. Conclusion : 


When plotting the graphical relationship between displacement 
and time, a straight line is obtained passing through the origin 
and its slope equals the velocity of the car (v). 


i “The slope of the line = Af =v i 


dim) 
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QUESTIONS ON 
Chapter 1 


LESSON ONE 


Multiple choice questions 


Q Which of the following is considered a translational motion ? . 


44 


C2) If the velocity is given by the relation : v = a and a body's displacement 


is 20 m during 10 s, then the velocity of the body equals .......... . 
@200 m/s ®30 mis 


Q A leopard was chasing a prey, if it moves by a uniform velocity of 10 m/s during 15 s, 
then its displacement is .. ` 


@25m @ 150 @©lsm @200m 
© Which of the following g graphs describes a body moving at non-uniform velocity ? sen... « 


EERE 


C5) If a car is moving in a straight line to cover a distance of 300 m in a minute, the car's 
velocity iS... + 
(@ 300 m/s © 360 m/s © 240 m/s @S5 mis 


oe The opposite graph describes the motion of a body which is dim 
moving at velocity of magnitude .......... à 
@ non-uniform , 10 m/s 
@ non-uniform , 40 m/s 
© uniform , 10 m/s 
@ uniform , 40 m/s 
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QUESTIONS ON CHAPTER 1 
A LESSON ONE 


@ Aman is running along a rectangular path of dimensions 50 m and 40 m. If he completes 
one revolution in a time of 100 s, then his average velocity equals .. oe 
@9 ms ©) 1.8 m/s ©09 ms @o 


Orne Earth orbits the Sun in a roughly circular path to complete one revolution in 
365.25 days, if the radius of the Earth's orbit is 1.5 x 10'! m, then its speed 
around the Sun equals . iat 
@) 90.1 km/s b) 29.9 km/s © 15.2 km/s 


Ko) Light travels from the star to planet Alpha in fifteen 
minutes and travels from the star to planet Beta in one hour. 
If the velocity of light is 3 x 10° m/s, then the distance 
between the orbits of the two planets equals .......2.. . 
@81 x 107 m ®s8ix10!° m 


© 48x 108 m @48x 10"! m 
© The opposite graph describes the rhotion of three students 


A, Band C. If the three students start their motion from 

the school to reach their homes, then 

© The velocity of A >The velocity of B > The velocity of C 
@® The velocity of C > The velocity of B > The velocity of A 
© The velocity of B > The velocity of C > The velocity of A 
@ The velocity of C = The velocity of B = The velocity of A 


@ The opposite graph describes the motion of two bodies 
A and B, where the ratio between their velocities va 
n 
equals ss.. o 
OF ©F 
©2 @4 


© From the opposite (displacement - time) graph, 
the time interval at which the velocity is negative 
is between .......... . 
@0.4 ®y.y 
Ow @t.& 
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®© The opposite graph shows a part of the joumey of 
a car which is moving in a straight road at a certain 
direction, what is the average velocity of the car 
during 125 ? we. © 
(@) 2 m/s @®4mis 
©25 ms @5 ms ok 


© If a body moves along a curved path, the ratio between its average speed and its average 
velocity will be .......... . 
@ greater than one 
® less than one 


© equal to one 
@ we can’t determine the answer, unless we know the time of motion 


cis} The opposite figure shows a car that starts its 
motion from rest at point A to reach point C 
after 80 s, then it returns back in the opposite 
direction to reach point B after 20 s, so the 
average velocity of the car in the following 


intervals equals .... 
š Fromt=0tot=80s | 1 


the east direction during 2.5 h, so: 
(i) The average velocity of the car equals .......... « 
(a) 8.24 km/h (b) 12.54 km/h (©) 16.67 km/h (J) 18.22 km/h 


(ii) The average speed of the car equals .......... . 
(a) 16.67 km/h (©) 23.33 kmh ©) 25.21 km/h @ 27.42 kmh 


© The opposite graph describes the motion 
of four students relative to their school. 
Which of the following choices describes 
their motion accurately ? .......0 « 
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Student A Student B 


Non-uniform Non-uniform 
velocity. velocity. 


Moving away Moving towards 

from the school. the school. 
Moving towards | Non-uniform Moving away from 
the school. velocity. the school. 


Oy The opposite graph shows the relation between 
the displacement and time for two bodies A and B that 
start their motion from rest, so the ratio between 
the velocity of A and the velocity of B is .......... « 


(@) 0.46 5 ®© 2.15 


O @iz 


© \y The opposite graph shows the relation between the 


displacement and the time of two cars A and B that start 

a race at t= 0 and move in a straight line to cover 

a displacement D. Which of the following statements 

is Wrong ? +00 . : 

@ Car A moves with a uniform velocity, while car B moves H 
with non-uniform velocity H 

(® Car A reaches the end of the race first ‘ 

© At time t}, the average velocity of car A equals the average velocity of car B 

@ The two cars cover the same displacement after time ty 


0 1 


oy The opposite graph describes the motion of two d(m) 

boys A and B moving at a uniform velocity. Which 

of the following sentences is right ? ..... 

®© B starts his motion after A 

(® The velocities of A and B are equal at point X 

© The velocity of A is less than that of B 

@ A precedes B after passing point X m 
t(s) 
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Or A body moves along a straight line at velocity v to cover a distance d, then it moves 
along the same straight line at velocity 2 v to cover a distance 4 d, so its average velocity 
equals „seiso s 


@v ®3y ©2v @zv 


g A car is moving in a straight road for time t by an average velocity v, then it moves 
for time 2 t by an average velocity 2 v. So its total average velocity is .......... « 


@v ®2v @3v @sv 


ey Acar was moving in a straight road of length 320 km, it covered 240 km with 
an average velocity of 75 km/h, then it ran out of fuel and stopped for 0.6 h until it was 
refueled and completed its journey with a velocity of 100 km/h. So the average velocity 
of the car during the whole journey was ........... * 
@) 69.57 km/h @80 kmh © 87.57 km/h @ 9S kmh 


(23) Vad If a car is moving in a straight road to cover one third of the distance at velocity of 
25 km/h and the rest of the distance was covered at velocity of 75 km/h, so the average 
velocity of the car is +++ km/h. 

@ 65 ® 50 @©45 @30 


Bya cyclist takes a ride lasting 25 s. 
The diagram shows how the distance 
which is travelled by her from the starting 
position varies with time. 
(i) What is her average velocity for 
the whole ride ? .......... . 
@6 ms 
© 10 m/s 
(ii) What is the average speed for the whole ride ? ... « 
@6mis . O75 ms © 10 mis 


190 E E R 


(26) y A lorry takes 15 minutes to travel along 
the path PQRS. 
(i) What is the average speed of the lorry ? .......... + 
@4 kmh ®© 22 km/h © 48 km/h @ 64 kmh 
(ii) What is the average velocity of the lorry ? F 
@4kmh © 22 kmh ©48k @ 64 km/h 
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@ wa car travelled 100 km along a main road 
with an average speed of 83.3 km/h then it 
travelled for 42 minutes along a side road with 
an average speed of 56 km/h as shown in the 
opposite diagram. What is the average speed 
of the car for the whole journcy ? 
@ 63.3 km/h ®© 72.75 kmh © 76.6 kmh @ 89.7 kmh 


OY The following graph describes the motion dim) 
of an object, based on this graph at which 35 
time points will the object's velocity be 3 


closest to zero ? wen n WA 
@0Osand2s 2 
®Osand4s 1s 
©lIsand3s a 
@2sand4s s 

yim Essay questions 

o Mention the conditions for an object to move at a uniform velocity. 


eo If the average velocity of a body during a certain time interval equals zero. What can you 
say about the displacement of the body during this interval ? 


C3) In the opposite figure : 
Two objects (A) and (B) have moved from rest. 
Which object has been faster? And why? 


O Tre opposite diagram represents the motion of two objects 
(A) and (B) relative to a building. 
(a) Which of them has moved away from the building 
and which got closer to the building? 
(b) Which of them has moved at a uniform velocity 
and which has moved at a non-uniform velocity? 
Explain your answer. 
(c) Which of them has reached the end of its represented motion first? 
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Se When a space craft moves with uniform velocity, at which instant will its instantaneous 
velocity be equal to its average velocity ? 


@ Acar was moving in a straight road, at t= 0 vas) 
the driver saw a barrier on the road so he 
pressed the brakes. The opposite figure 15 
represents the relation between the velocity u 
of the car and the time : 5 
(a) Describe the velocity of the car during o 
the intervals ab and be, 
(b) Calculate the displacement covered by the car from t =0 to t = 3.5 s 


e 
E ass 3s 


7) The opposite figure shows two girls 

trying to measure the velocity of the z 1 bridge 

river’s water. The girl that stands on 

the first bridge drops a piece of wood 

in the water and the girl that stands on 

the second bridge measures the time (t) 

taken by the piece of wood to reach the 

second bridge : 

(a) Mention the suitable tools that can be used by the girls to measure the distance 
between the two bridges and also the time wW. 

(b) If the time taken by the wooden piece to cover the distance between the two bridges 
is 400 s, calculate the velocity of the river’s water. 


An F a 
tL 


cs) The opposite figure shows the motion path of four 
bodies through the same interval of time. Arrange 
the four paths in descending order according to 
the magnitude of their : 
(a) average velocity. 
(b) average speed. 


Ko) The opposite (displacement - time) graph describes 
the motion of a body moving in a straight line. Is 
the velocity of the body positive, negative or zero 
at: 

@)t=Is 
(b)t=2s 
(c)t=3s 
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® Compare between the average velocity and the average speed of a man moving in 
a straight line in the direction of : 
(a) the east to cover a displacement d. 
(b) the east to cover a displacement d and then he reverses his direction to cover 
a displacement d. 
(c) the west to cover a displacement d and then he reverses his direction to cover 


adisplacement 4. 


cy Att=0,a girl starts to swim from one of the ends of a swimming pool of length l to reach 

the other end after time t}, then she swims backwards to reach the starting point again 
after time t. Assume that the primary direction of the girl in swimming is the positive 
direction of x-axis : 
(a) Find her average velocity during : 

1- the first interval of swimming. 2- the second interval of swimming. 

3- the whole interval of swimming. 
(b) Calculate the average speed of the girl during the whole interval of swimming. 


© Y The opposite (displacement ) graph 
describes the motion of a girl riding a bike : 
(a) Describe the velocity of the girl during 
the intervals AB , BC and CD in figure (1). 
(b) Add to figure (2) a line that represents the 
velocity of the girl during the intervals AB , 
BC and CD. 


a 
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@® the Opposite graph describes the motion 

of a girl riding a bike and moving in 

a straight road : 

(a) Describe the motion of the girl through 
the intervals AB , BC and CD. 

(b) Calculate the average velocity of the girl 
from A to D. 

(c) Calculate the maximum velocity reached 
by the girl. 


iii, Problems 


@ A car moves in a straight road at a uniform velocity so that it passes by the (151 km) sign 
at 8:00 am and by the (316 km) sign at 10:00 am. Find the velocity of the cur. (22.9 ms) 


C2) Calculate the time required for the sunlight to reach the Earth’s surface, if the distance 
between the Sun and the Earth is 1496 x 10° km and the speed of light in space is 
3 x 108 mis. (498.678) 


C3) A student left his home at 8: 00 am to go to the school which is 1.5 km from his home. 
If he arrived the school at 8:45 am, find his average speed in km/h. (2 knvh) 


© Use the opposite graph to find : dim) 
(a) The total distance. 
W)---7 


(b) The object displacement. 
(c) The velocity in the first five seconds. s 
us) 


0 s 10 
(20 m.0,2 mis) 


Se In a football match, the ball was 50 m away from a player who was running at 3 m/s, 
meanwhile another player was at 35 m from the ball and ran at 2 m/s towards the ball. 
Who would reuch the ball first? (The first player) 
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Q A student was participating in the annual race of the school, 
the race is of distance 6 km. The student wishes to break 
the record of the fastest competitor which is 26 minutes. 
The race begins and ends down the clock tower of the school, 
if the race begins when the clock tower is as in figure (1) and 
ends when the clock tower is as in figure (2) : Figure (1) Figure (2) 
(a) Does the student break the record ? 
(b) Calculate the average speed of the student during the rac race. (4 mis) 


@ Your father and his friend start driving their cars from sie ea same surting point, where your 
father rides with a velocity of 90 km/h and his friend rides with a velocity of 95 km/h. If 
your father's friend reaches the end of the j journey fi first after travelling a distance 50 km, 
how much time will he wait until your father reaches this ending point? ? (1.74 ming 


Q A body is moving according to this relation : x = 10 Cow where x is measured in meters 
und t is measured in seconds. Calculate the average velocity from : 
(a) 2sto3s, 
(b) 2sto2.1s, 
(c) Does the body move with a uniform velocity ? (50 avs 41 avs) 


Qo The opposite figure shows the path of a football that was 
kicked between three players on a playground, if the ball 
moves from player A to player B in 1.2 s: 
(a) Calculate the average velocity of the ball between A and B. 
(b) Calculate the time taken by the bull to move from B to C, if 
it has the same magnitude of the average velocity as in (A). 
(c) Discuss if the average velocity between A and B is the same between B and C or not. 
(1S mis , 14s) 


Kio% The following diagram represents the relation between  g(m) 
the displacement and time for the motion of a car. 
(a) What is the instantaneous velocity after | minute? 
(b) What is the instantaneous velocity after 6 minutes? 
(c) What is the average velocity after 8 minutes? 


(d) Describe the car's motion during 8 minutes. eee t (min) 


(0.167 ms . zero .0.083 m/s) 
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Ci) ‘The opposite figures represent the path 
of two bodies, the first body started from 
(A) and retumed back in 9 s and the 
second body started from (B) to reach 
(C) after 4 hours. Find : 
(a) The distance covered by each body. 
(b) The displacement covered by each body. n 
(c) The average speed of each body. 
(d) The average velocity of each body. 
(18 m. 20 km, 0.4 km south, 2 nvs, 5 kmh, 0, | km/h south) 


2) Acar is moving on a straight road, where its 
engine drops an oil drop every 5 s on the road 
as shown on the figure. Calculate the average 
velocity of the car during the distance shown 
in the figure. 


om 


Skim 
Figure (1) Figure (2) 


® A botanist studies the growth of one of his plants by 
measuring the height (h) of the plant from the surface 
of the ground everyday at the same time and the next 
table shows his results : 


[tay] oT 1 T2T3 tsa [ste] 7] 
Lh (em) | 2.1 | 65 [114] 
Calculate the average velocity of the plant's growth 
during 7 days. (S cnvday) 


O The ‘Opposite graph shows the change of 
displacement with time for a body moving 
in a straight line : 
(a) Calculate the average velocity of the body 
during the following intervals : 
l- from 0 to 2s. 
2- from 0 to 4s. 
3- from 2s to 4s. 
4- from4sto7s. 
S- from 0 to 8s. 
(b) Calculate the instantaneous velocity of the body at: 


I-ls. 2-3s. 3-4.5s. 4-75s 
(S avs . 1.25 ms .-2.5 as ,~3.67 m/s 0.5 m/s ,-2.5 m/s .0 .6 m/s) 


112 


EE sy ly ole Alyy easy My pale lgl aged ald haai iho 


QUESTIONS ON CHAPTER 
I Lesson one 


ey Two children (A) and (B) start to run towards each other when the distance between 
them was 135 m. If the velocity of child (A) is 6.75 m/s and the velocity of child (B) is 
5.25 m/s, find the distance covered by cach child until they meet. (75.94 m, 59.06 m) 


Oya girl is walking in a straight line from point A to point B with a velocity of 5 m/s, 
then she returns back from point B to point A along the same straight line with a velocity 
of 3 m/s. Calculate : 

(u) The average speed during the whole journey. 
(b) The average velocity during the whole journey. (3.75 avs 0) 


Qy (u) Calculate the average velocity in the following cases : 
1- A body moves in a straight line with a velocity of 10 m/s for a distance of 100 m, 
then it moves a distance of 100 m with a Velocity of 20 m/s. 
2- A body moves in a straight line for one minute with a velocity of 10 m/s, then it 
moves another minute with a velocity of 20 m/s. 
(b) Plot the (displacement - time) graphs of the previous cases, by showing on 
the graphs how to find the average velocity in both cases. III mA 1S mis) 


K8} ya woman walks for 4 minutes in the north direction with an average velocity of 6 km/h: 


then she walks castward at 4 km/h for 10 minutes, Find : 
(a) Her average speed for the trip. 
(b) The average velocity for the entire trip. (4.57 kwh, 3.334 kov) 


@® The table below illustrates the relation between displacement (d) of a car and time (t) : 


1 2 > dA cL 
dim) | 4 | 8 | A | 6 | B | 28 


(a) Plot the graphical relation between (d) on the vertical axis and (t) on the horizontal axis. 
(b) From the graph find : 

1- The values of A .B and C. 

2- The velocity of the car, 

3- The type of the velocity of the car. (12 m, 20 m. 7s. 4 m/s, uniform velocity) 
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Chapter 1 p 
Acceleration 
LESSONTWO 


If the velocity of an object is changed from one point to another either in magnitude or in 
direction, this change in velocity with time (rate of change of velocity) is known as 
acceleration and such motion is called accelerated motion, 


aa S& BB Bs 


* The acceleration can be found by the relation : 


Acceleration = Change in velocity = Final velocit; i iat, velocity. av 
Time of change Final time ~ Initial time + 
( a Jò at 
=A 20% Ò 
a at Eat 


* The unit of measuring acceleration is m/s? or km/h? and its dimensional formula is LT~? 


U Types of acceleration 
9... as y @...... 


Uniform acceleration Non-uniform acceleration 


P itis the acceleration in which the object b It is the acceleration in which the object 


changes its velocity with equal amounts in | changes its velocity with unequal 
equal intervals of time. | amounts in equal intervals of time. 
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m CHAPTER 
y 1 LESSON TWO 


Example _ 


When a car is moving according to When a car is moving according to 
the data in the table below : the data in the table below : 
vems) | 0 | 10 | 18 | 30 | 50 
t(s) | 0 | 4| o/s 
| 


wje ù 
3 


fe = 10 = 10 ms? 


-W = 19 = 10 mis? 


J= 
iD 


" 
o a 
FA- 


= 10 m/s? 


Big n 
a 
s 
Š 


Graphical representation 


When plotting the relation between velocity (v) on the ordinate (y-axis) and time (t) on 
the abscissa (x-axis), we may get : 


A straight line A curve 


i 
H 
H 
H 
i 
4 


2 


t 
7 As) 1G) 


The slope of the straight line gives The slope of the tangent drawn to 
the uniform acceleration by which the curve at any point gives the 
the object moves. instantaneous acceleration of 

the object at this point. 
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© The acceleration att=4s 
Slope at (A) = y= 


235 mis? 


e The acceleration at t = 8 s 
aSa 40-20 
“At, 94 -68 


= 7.69 m/s? 


Slope at (B) = ae, 


P The velocity of the object changes with equal P The velocity of the object changes with 
amounts in equal intervals of time and thisis unequal amounts in equal intervals of time 
called uniform acceleration. and this is called non-uniform acceleration 


i (changeable acceleration). PEREN 


ç Test yourself — 
; Match the (velocity - time) graphs with their (acceleration - time) graphs : 


ac 
o k 
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CHAPTER 


\ 1 LESSON Two 


© If we assume that the velocity of an object is positive, its acceleration may be: 
1. Positive (increasing velocity). 
2. Equal zero (uniform velocity). 
3. Negative and in this case it is called deceleration (decreasing velocity). 


Positive acceleration Zero acceleration Negative acceleration 


It is the acceleration of It is the acceleration when > It is the acceleration of 

the object when its velocity | the velocity of the object is — the object when its velocity 

increases with time. constant with time. decreases with time. 
ee 


Se. 


When an object moves When an object moves me an object moves 
according to the table according to the table | according to the table 
below : below : _ below: 


(v mus| 0 | 10] 20/30] 40} | (v cwsy| 20] 20| 20] 20] 20] [40] 30] 20] 10) 
Co lohk bikolo illis E dezole 


vY 


a 2 -1 
1 Gh 
= 10-0 
1-0 
= 10 m/s? 
My e 
= 
% RR 
20-10 
2-1 
= 10 m/s? 
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Graphical representation 
fea A A ade 


When plotting the graphical relationship of (velocity - time), we may get : 


pa straight line that may start 


from the origin. 


vimss) 


1) 
o 123 4 


Slope of line = a = ay 


at 
= = 9 10 ms? 


The velocity of the object 
increases with time, so the 
object moves with uniform 
positive acceleration 


of 10 m/s, 


A straight line parallel to 
the time axis. 


vims) 


40 
30| 


= 10) 
c lm > 


Slope of line =a =0 


This means that 


The velocity of the object 
is uniform (constant) with 
time, so the object moves 
with no acceleration (zero 
acceleration). 


P A straight line that may end 
at the time axis. 


vims) 


yy yr 


By finding the slope of the straight line, we obtain the acceleration of the object motion: 


Slope of line = a = sy 


= 028 


== =-10 mis? 


The velocity of the object 
decreases with time, so the 
object moves with uniform 
negative acceleration 

of — 10 m/s?. 


( Guidelines fo solve problems } 


1. If the object moves at uniform velocity, its acceleration of motion = zero 
because the change in velocity (Av) = zero 

2. When the object starts motion from rest, its initial velocity v) = zero 
and when the object comes to rest, its final velocity (vp = zero 


3. If the object moves in a straight line with uniform acceleration, its average velocity is 


NENG 


given from the relation : V= S 


4. If the driver applies the brakes till the car stops, its final velocity (vù = zero 
5. When the final velocity (v,) > the initial velocity (v,), the acceleration is positive 


(increasing velocity). 
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CHAPTER 
1 LESSON TWO 


6. When the final velocity (v,) < the initial velocity (v;), the acceleration is negative 
(decreasing velocity). 

7. When the final velocity (v,) = the initial velocity (v;), the acceleration is zero (uniform 
velocity). 

8. If the velocity and acceleration have the same direction then they have the same sign 
(accelerating motion). 

9. If the velocity and acceleration have opposite directions then they have opposite signs 
(decelerating motion). 


os a i 
A car was moving at velocity 30 mis. When the driver applied the brakes, the car stopped 
within 15 s. Find : 


(a) The acceleration of the car. (b) The type of acceleration clarifying the reason. 
| Solution 


| 
Q, Clue 
| The initial velocity is the velocity by which the car was moving directly before applying 
the brakes, so the initial velocity equals 30 m/s and the final velocity equals zero because 
the car comes to rest. 


‘vp=0! | Ata 15s | 


(a) Av = vç- v; = 0-30 =- 30 mis 
asta ee -2 m/s? 
(b) The acceleration is negative (deceleration). 


Because the final velocity (v) < The initial velocity (CAJ 


(Exampie k 
From the opposite graph : 
(a) Describe the type of motion by which the body moves 
within 12 s. R 
(b) Calculate the acceleration in cach part. 
(c) Calculate the distance covered by the body through its 
motion from B to C. 
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| Solution 


Q, Clue 
The slope of the line in the (velocity - time) graph represents the body's acceleration. 
Ifthe slope is positive, the acceleration is positive and if the slope is negative, the 
acceleration is negative and if the slope equals zero, the acceleration equals zero, 


(a) - During the first 4 s the body is moving with a positive uniform acceleration. 
- During the second 4 s the body is moving with a uniform velocity (zero acceleration). 
~ During the last 4 s the body is moving with a uniform deceleration (negative acceleration). 
(h) - From Ato B: 


+ From BtoC: 
a=0 
-FromCtoD: 
(c) s= våt 
=20x(8-4)=80 m 


The opposite graph shows the relation between 


the velocity of a body that moves in a straight 
line and the time : 


(a) Calculate the acceleration of the body 
fromt=Sstot=ISs 

(b) Plot on a graph paper the relation 
between the acceleration of the body 
and the time. 


RRR WD DN ED 


Solution 
(a) 
Q, Clue 


The acceleration of the body equals the slope of the (velocity - time) curve. 


See AS. js? 
= g g Salom 
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LESSON TWO 


Q, Clue 
To draw the (acceleration - time) graph for the moving body, we should calculate 
the slope of the (velocity - time) graph at the following time intervals : 
+ Fromt = 0tot =5s:a= Slope =0 
+ Fromt=$stot= 15s :a = Slope = 1.6 mis? 
- From t = 15 stot = 20s:a= Slope = 0 


Then we plot the results : 


„© $ 10 


@ Test yourself 
The next graph shows the relation between the velocity of a body that moves in a straight 
line and the time. Mention the time intervals at which the body’s acceleration is : 
(2) positive. (b) negative. (c) zero. 
vims) 
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QUESTIONS ON 
Chapter 1 


LESSON TWO 


Acceleration 


Interactive test 


Multiple choice questions 
o If a body starts its motion from rest and moves by acceleration (a) to reach a velocity (vf) 
after time (t), so its final velocity (vp) can be represented by the relation : ve 
@vp= a ® vp=at 
K2) If the acceleration is represented by the relation : a = a, then the change in the velocity 
of a body that is affected by an acceleration 4 m/s? during 2s is 
@6 ms ®8 mis © 10 mis @ 12 ms 


C3) A body is moving with a uniform velocity of 5 m/s for 5 s, then its acceleration equals ........ « 
@5 ms? ® Ii mis? . © zero @-5 mis? 


@ 1f an object starts motion from rest and speeds up at a constant rate till its velocity 


becomes 50 m/s during 10 s, this motion is at acceleration of 
®© 60 mis? ®© 4 m? ©5 ms? 


6 In positive acceleratio 
@ initial velocity > final velocity © initial velocity < final velocity 


© initial velocity = final velocity @ velocity is constant 


6) In the opposite figure, the car moves by .. 
uniform acceleration. 
@ positive © negative 
© zero @ we can’t determine the answer. 


@ The following graphs describe a body moving with an acceleration except .......... š; 


ei EE 
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QUESTIONS ON CHAPTER | 1 
‘© The opposite graph describes the motion of a body moving co 
with an acceleration, then the velocity of the body 
@ increases by uniform rate 
© increases by non-uniform rate 
© decreases by uniform rate 
@ decreases by non-uniform rate 


Ko) The opposite graph shows the relation between the body's 
velocity (v) and the time (t), then the body moves by ........... 
@ uniform acceleration of +10 m/s? 
®© uniform acceleration of — 5 m/s? 


© uniform acceleration of + 5 m/s? 
@ non-uniform acceleration of —10 m/s? ; ad 


® The following graphs describe objects moving with uniform acceleration, which object 
of them has the largest acceleration ? 0.0.0... . 
vims) vimss) vima) vima) 


e| n 1s ` 

40) 8 10 2| 

20) 4 $ ' 
T to) 1 y= ; KO 
@ ® © @ 


cy A car took 4. seconds to have a velocity nine times its initial velocity. The acceleration of 
its motion is numerically equal to «------» its initial velocity. 
@ahalf © double © three times @ four times 


12) When the object's acceleration is in the opposite direction to its velocity, its 
@ instantaneous velocity equals its average velocity 
®© velocity increases © velocity decreases 
@ displacement equals zero 
© If both the directions of velocity and acceleration are negative oe . 
@ velocity of the object increases ©® velocity of the object decreases 
© velocity of object is constant @ the object stops motion 
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®© A man starts his motion from rest with uniform acceleration of | m/s?. If his average 
velocity is 1 m/s, then the time of his motion is -e 
®is ®2s @©4s @ts 


© The opposite graph represents the relation between the velocity (v) v (m's) 


and the time (t) of a car moving with acceleration. 
@ positive uniform © negative non-uniform ‘ 


© positive uniform acceleration then with negative uniform 


@ negative non-uniform acceleration then with positive uniform 
vws) 


O The opposite graph shows the relation between velocity (v) 
and time (t) of two bodies A and B that start thcir motion 
from rest, so the ratio between the accelerations of body A 
and body B is respectively. 


@4 ®t . i 
@ The car A starts its motion from rest with uniform acceleration of | m/s? in the first 10 s 
of the journey, while the car B moves with constant velocity of 10 m/s in the same time. 
In the next 10 s the car A moves with constant velocity of 10 m/s, while the car B 
decelerates by 1 m/s*. So, the graph that represents the relation between the velocity and 
the time of the two cars is... + 
v(nvs) v (ms) 


— =. E 


w0 20 
(©) 
® The opposite figure represents the relation 
between the velocities of two objects A , B 
and time, so which of the following sentences 
is right ? 


@ Aand B move in opposite directions from t= 0 tot=3s 
@® The accelerations of A and B are in the same direction 
© The acceleration of A is larger than that of B 

@ The two objects meet at the same position after 3 s 
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OVa body starts its motion from rest and moves at uniform acceleration if its average 
velocity at time (t) was 10 nys, then its average velocity at time (2 t) will be 
@ 10 ms 620 mis © 30 mis D 40 mis 

® ad The opposite graph describes the motion 


of a body that starts its motion from rest and 
moves by uniform acceleration of .......... - 


@ 30 ms? © 15 m/s? 
(O 45 mis? @A ms? 


oy The opposite graph shows the relation between 
the velocity and the time of a body, which of 
the following graphs describes the change 
of the body’s acceleration with time ? 


@Tre graph labeled --.------- represents a motionless object. 
d(m) v(m/s) dim) v (mvs) 


a — aa —_ En 
) © @ 


@ 


®© ic) 
(23) The graph that best describes the motion of an object at uniform velocity is .......... r 


v(m/s) v(m/s) . d(m) dim) 
Z 4s) 1G) Ps?) t(s) 
(0) ® © © 
125 


EE sy ly ole Agly aug Y pale olgali ggas ald Laali 0 | 


@® The graph labeled represents a body moving with positive uniform acceleration. 


víns) a(m/s?) d(m) vns) 


Bo kee e i S 


O Th graph shows how the velocity of a car varies 
with time. Which statement about the acceleration 
of the car between 10 s and 20 s is correct ? .......... 
@ The acceleration decreases 
@® The acceleration increases f Tia 
© The acceleration is constant, but doesn’t equal zero 2 
@ The acceleration equals zero 
26) The graph shows how the velocity of a car travelling 
in a straight line changes with time, Which section 
shows the largest acceleration ? „sss. + 
@ Section A ®© Section B 
© Section C @ Section D 
@ The opposite (velocity - time) graph represents the 
joumey of a car. The dots separate different sections of 
the journey. There are six different sections. How many 
sections represent the car when moving with 
non-uniform acceleration ? .. 


@o ®! 
©2 @3 


oy The opposite (specd - time) graph represents a short journey. 
Which (distance - time) graph represents the same journey ?.......... + 


Distance Distance 
(m) (m) 


oR 
la ime 3) = cis) ia w =n ©) 
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TCA Essay questions 


@ The opposite graph represents the relation between 
the velocity (v) and the time (t) of three bodies A, B and C. 
Describe the motion of each body of them by choosing the best 
description from the following list : (constant velocity — uniform 
acceleration — non-uniform acceleration — static) 


K2} Explain the following sentences : 
(1) Acceleration is a vector quantity. 
(2) When an object moves at a uniform velocity, its acceleration equals zero. 


© If the acceleration of an object equals zero, does this mean that its velocity must equal zero ? 
Explain your answer. 


© What happens when the driver presses the brakes of a moving car ? Concerning 
the value of its acceleration and the value of its final velocity. 


e Is it possible for the velocity of a car to be in the north direction when the car is affected 
at the same time by an acceleration in the south direction ? Discuss your answer. 


ow The opposite graph shows the relation dim) 
between the distance (d) and the time (t) Sna: n | | 
of a body moving in a straight line : 
(a) Describe the motion of the body during 
the following intervals : 1- AB. 2- BC. 
(b) Mention the type of the acccleration (positive, 
negative or zero) in the following intervals : 
1- AB. 2- BC. 


@ A bus is moving with uniform acceleration, where the following graphs represents 
the relation between the time on the horizontal axis and each of (1), (2) and (3) on 
the vertical axis : 


= 1%. be 


What are the physical quantities that are represented by the numbers (1), (2) and (3) ? 
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Or You have four ticker-tapes that describe the motion of objects. Match each 
ticker-tape with the proper graph that represents the same motion. 


(amona | Ee | crac |) | =e: |) 
Velocity Displacement Velocity Displacement 


lA... V. V = 
(a) (b) (e) 


(a) 


oO y The opposite graph describes the motion a 
of a body moving in a straight line through 
three time intervals. Arrange these intervals in 
descending order according to the velocity of 
the body. 


@® Vad Figure (1) represents the relation between the 
displacement (d) and the time (t) of a moving body : 
(a) From figure (1): 

1- Deseribe the motion of the body from t= 0 to 
t= 2s and caleutate its velocity during this 
interval. 

2- If the body moves with positive uniform 
acceleration from t = 2s tot = 4 s, add on 
figure (1) the line that represents this motion. 

(b) From figure (2) : 

1- Represent the motion of the body from t= 0 
tot=2 by using figure (1). 

2- Draw what represents the motion of the body 


with uniform acceleration of 2 m/s? from 


t=2stot=4s 7 7 


Figure (2) 


QUESTIONS ON CHAPTER 


a 1 LESSON TWO 


Problems 


@ Acar was moving at velocity 20 nys. When its 16) ° 


brakes were applied, it slowed down till stopped seme = =, 
after a while as shown in figure. Find : 


(a) The average velocity of the car. 
(b) The acceleration of its motion and its type. (10 mis, ~ 2 mvs”, uniform deceleration) 


O Study the opposite graph and answer : Vima) 
(G) Describe the motion during the 12 s. 
(b) Calculate the acceleration of motion in each section. 
(c) Find the distance covered by the object as it moves 
from A to D. 
{uniform positive acceleration, uniform velocity, uniform deceleration, 5 nv/s*, zero, - $ nvs?, 160 m) 


C3) ad The opposite graph shows the relation 
between the velocity and the time of 
a body moving in a straight line. 
Plot the (acceleration - time) graph that 
represents the motion of this body. 


© The opposite figure shows a speedometer of car that 
is moving in a straight line with a constant velocity : 
(a) Calculate the distance covered by the car during half an hour. 
(b) Draw on the opposite graph paper a line that represents 
the motion of the car during the half hour mentioned in (a). 
(c) After the first half an hour, the car reaches an inclined road 
that ascends to a mountain. The car climbs this road in half 
an hour and its velocity decreases during the climbing until 
it reaches 30 km/h. Draw a linc on the same graph paper 
that represents the motion of the car during climbing the 


mountain (40 km). (40 km) 
o 02 0a 06 OF 1 
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evy A runner is racing with a car, the runner moves 

with a constant velocity of 10 m/s while the car 

accelerates uniformly from 0 to 25 m/s. During 

the first five seconds of the race : 

(a) Draw on the opposite graph paper a graph that 
represents the motion of both the runner and the car. 

(b) By using your drawing, calculate : 
1- The displacement covered by the runner during 5 s. 
2- The displacement covered by the car during 5 s. 


K6) g A train is moving in a straight line 
between two stations, where it starts its 
motion from rest at the first station and 
then it accelerates uniformly from point 
A to point B. After that the train moves 
with uniform velocity from point'B to 
point C, then it decelerates uniformly from point C to point D (with the same rate 
between A and B) until it stops at the second station. If the distances AB, BC and CD are. 
equal and the trip between the two stations takes 5 minutes, calculate the time taken by 
the train to cover each of the three distances AB, BC and CD. (120, 60 x. 120 s) 


@ The following table shows the recorded data for a movi 
(vms | 10 | 20 J ffo) 
(a) Plot a graph between velocity (v) on the vertical axis and time (t) on the horizontal axis. 
(b) From the graph find : 


1- The values of a and b. 
2- The acceleration of the object motion. (3 s. 50 m/s, 10 mis? 


130 


TEE] c eg he yyy ya lt Sal gn gali al 10 


MODEL EXAM ON 
Chapter 1 


@ y If a body starts its motion from rest and moves with uniform acceleration (a) in 


a straight line, then the average velocity (V) of the body after time (t) equals .......... « ) 

@ at 2a 54 @+ qe 
(2) y The opposite (velocity - time) graph represents y \ 7} 
the motion of a car that is moving in a straight line, A. 5 

so the car at point Q moves .......... a ba 

D with zero acceleration f Se S } 
i 

D with decreasing velocity | ) n 

© in a tunnel under the ground AÀ 

@ in a direction opposite to the direction of motion at point P la 

(3) Acar moves with initial velocity of 25 m/s to the north. If an acceleration of 3 m/s? to 9 
the south acts on it, then its velocity after 6 s will be ........0 f 5 it 


@) 7 m/s to the north ®© 7 ms to the south 


E ə 
© 20 ms to the north @ 20 m/s to the south fo. 
h) 


e 131 \. 
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[eain a 


© y The opposite graph represents the motion 
of two boys A and B, which of the following 
statements is right ? .. 
@ The average velocity of A is larger than 

the average velocity of B 

©B moves with non-uniform velocity 
© A is moving away from the origin 
@A and B meet at & = 3 s) 


Oa child is moving in a straight line as shown 
in the opposite figure. If the child takes 20 s to 
move from point Q to point R, then his average o 
velocity equals .....0.. + 
@0.6 m/s ®0.5 ms © 1.67 m/s 


@ The opposite (velocity - time) graph ` Velocity 
describes the motion of a car, so the time 


interval at which the car is at rest is 5 
@vuv @®vw 


o 
©wx @xy URV N X Y 


o Which case of the following cases is impossible to happen ? s 
@ A body is moving with a velocity to the east and its acceleration is in the west direction. 
(®© A body is moving with a velocity to the east and its acceleration is in the east direction. 
© A body is moving with non-uniform velocity and uniform acceleration. 
@A body is moving with constant velocity and non-uniform acceleration. 


O The opposite graph represents the relation between the vim/s) 
velocity of a body and the time. From the graph it is clear 
that the body moves with acceleration of .......... . 


@+ 10 mis? 
@®-2 ms? 
©+5 mis? 
@+2 ms? 
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MODEL EXAM ON CHAPTER 1 

ov Acar starts its motion from rest until it reaches velocity (v), then it decelerates until 
it comes to rest. After that it moves in the opposite direction until it returns to its starting 
point where its velocity changes by the same rate as in the first interval. Which of the 
following graphs represents the motion of the car ? ......605 + 


a(m) d(m) d(m) am) 


G ` © 


Kio) In the opposite figure, the train moves with velocity 
40 m/s, it takes 2 seconds to pass the standing man, 
so the length of the train Ís ssssss + 


@20m (6) 38m ©40m 


Ah Answer the following questions 


eee 


in a straight line towards the east. Draw the (velocity - time) graph for 
each ticker - tape and mention the type of the acceleration in each case. BDE 


® A body starts its motion from rest and moves in a straight line with uniform acceleration to 
cover a distance of 100 m during 5 s. Calculate its acceleration. 


® What happens when a driver presses the brakes of a moving car ? Concerning the value of 
the car’s acceleration and its final velocity. 
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ow If a body starts its motion from rest and moves with uniform acceleration, where its 
average velocity during 2 s is 3 m/s. Calculate its average velocity during 5 s. 


®© y A body is moving in a straight line with uniform velocity (v) to cover a distance (d), 
then it moves with velocity (2 v) to cover a distance (2 d). Calculate its average velocity in 
terms of (v). 


K7% After stealing a car from a garage, the thief 
moved towards the garage’s door trying to 
escape in a specd of 12 m/s. When he was 
30 m away from the outlet, the security guard 


pressed a switch to close the door that started 
to fall down in a speed of 0.2 m/s from a height 
of 2 m. If the height of the car is 1.4 m, 

will he succeed to escape ? 
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Chapter 2 
LESSON ONE 


s of Motion 
+ — 
Y © You have studied in the previous chapter that acceleration is the change of velocity 
per unit of time and acceleration could be uniform (constant) or non-uniform (changeable). 
© Motion with uniform acceleration has a great importance since it represents the motion 
of a lot of objects in nature, such as : 
9 é + Falling of objects near the Earth’s surface, * Motion of projectiles. 
© The motion of an object that starts its motion at initial velocity (v,) in a straight line with 
L a uniform acceleration (a) and reaches a final velocity (vò) after a time interval (t) can be 
expressed by three equations which are called the equations of motion, they are : 


R 
W First equation | The equation of (velocity - time) 
The uniform acceleration (a) by which the body moves is given by 


9 the relation : a = 4 Av 
* If the object sane motion att=0 „then: At=t-O=t 
v Ve~ y, 
w Ayav wast 
sO 
d “at=; v= v,+at 


‘The graphical representation for the first equation : 


v;=0 v20 
ns) views) 


A 7 Y 
-E t 
i) ie 0 


Av 
Slope =a = 
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Second equation | The equation of (displacement - time) 


The average velocity of an object that covers displacement (d) in time (t) is given by 

the relation : 

v= 4 © 

++ The object moves at uniform acceleration, so the average velocity is also given by 
the relation : 


Substituting (v,) from the first equation of motion v= v;+at): 


+a) + 2vtat 
gs 5 =v+ tat 


Multiplying both sides by (1): + d= y,t+ $ a? 
The graphical representation of the second equation : 


y,=0 
d(m) 


Sope= A= 4a 


f eg) 
© Deriving the second equation of motion graphically + 
* In case of motion at uniform velocity which is represented 
by straight line parallel to the time axis. 
++ Displacement = Velocity x Time ad 
~. Displacement (numerically) = Length x Width 
i.e. Displacement (numerically) = The area below 
the curve in the (velocity - time) graph 
* Incase of motion at uniform acceleration. sans) 
We can divide the area below the curve into : 
+ Area of a rectangle = Length x Width = vt 
e Area of a triangle = + (Base x Height) = 4 (v= v) t 
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<. The area of the triangle = 4 a? 
By adding the two arcas: d = vit + 4 at? 


Third equation The equation of (displacement — velocity) 


The displacement covered by a moving object is given by the relation : 
deve (0) 

ve © 

From the first equation of motion : t = w 

Substituting (2) ,@) in equation (D : 


The graphical representation for the third equation : 


yje0 


y= 
Vomiys?) Fame) 


yy dm) the = 
2a 


Slope „ôt Ci 


© The following table shows some special cases for the equations of motion : 


A body moves with 
uniform velocity 
(a=0) 


v= Vi tat v= v,=—at v=, 


=y d=4a? d=vt+ tat? 
f i 


2ad =v? 2ad=-v? 


A body starts at rest A body stops 


The general formula (,=0) (v,=9) 
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( Guidelines to solve problems. J 
1. The opposite triangle would help in solving problems based 
on equations of motion where the number written between 
two (given and unknown) quantities indicates the order of 
the equation used to solve the problem. 


2. Type of problems like : “an object moves according to a given 
relation " You should modify the given equation to be similar to one 
of the three equations of motion. Match them to find the required answer. 


Fexample ll 


Find the time taken by an aeroplane till it stops if it lands on the runway at velocity of 
162 kmth and decelerates uniformly at 0.5 mls? * 


Solution 


From the first equation of motion 
0=45+(-0.5)t 


ta=35 2908 


/Example 


An object moves with üniform acceleration according to the relation sd=14t+100 
Find: 


(a) The initial velocity and the acceleration of the object's motion. 
(b) The distance moved by the object after 5 s. 


| Solution 
Q, Clue 
Match the given equation by the similar equation from the three equations of motion. 
(a) The second equation of motion : d 
d 
From equations (T) and @: 
ar “i t=14t ‘ 
= LoP=jo?e 
Sy a= 10r 
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CHAPTER 
\ 2 LESSON ONE 


From second equation of motion : 

davy t+} a? 

=(14 x5) + (4 x 20 x 25) 

= 70 +250 = 320m 
Ges 
A man drove a car at uniform velocity of 30 mls, Suddenly, he saw a child crossing the street 
and he applied the brakes to decelerate the car uniformly at 9 mls? till it stopped. If the reaction 


time of the driver till he pressed the brakes is 05 s. Find the displacement of the car from the 
moment of secing the child till stopping the car. ; 


| Solution 


y,=30m/s t 


Q, Clue 
When the driver saw the child he applies the brakes after 0.5 s and during this time the 
car covers displacement d, and when the driver applies the brakes, the car decelerates 
uniformly till it stops after covering displacement d,. So, the total displacement covered 
by the car (d) is :d = d, +d, 


e Displacement of the car during the reaction time till using the brakes (uniform velocity) : 
dy = Vi - leaction = 30 * 0.5 = 15m 
© Displacement of the car when applying the brakes (uniform deceleration) : 
From the third equation of motion : 
2ad=v?-v? 
^ 2ad, =-v? 


-R -= (300° a 
4, = 35 57x97 0M 


2 d= 15450=65m 


| Example fy 
A body moves with initial velocity of 20 mls in the east direction. If it is affected by an 
acceleration of 4 misè in the west direction, calculate the magnitude and the direction 
of its velocity after 10 s. 
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}at=204+ (4x 10)=—20 m/s 
«. The body moves with velocity of 20 m/s in the west direction. 


}Example Ei 
The opposite graph describes the motion of vay 
a body that moves by uniform acceleration. 8 
Calculate the time taken by the body to reach é 
a velocity of 16 mls. a 


| Solution 


^ v =2 ms 
2 - 
vp=2add , +s Slope = SY = B= wt 
+. Slope = 2a= 1 s a =0.5'm/s? 
From the first equation of motion : v, = v, + at 
16=24+05t 28s 


Two cars start their motion from rest from the same 
position in the same direction as in the opposite figure, 
after 10 s the distance between them becomes 200 m, 
calculate the value of a. 

| Solution 


Q, Clue 
The first car covers displacement d, after time t = 10 s and the second car covers 
displacement d, after the same time and the difference between the displacements 
of the two cars at this time is 200 m. 


vdevyt+dar , ,=0 

asgat ` dg =a Ê 

+ d,—d, =200 sate bal=200 
«dat =200 t= 10s 

+ 4.10)? = 200 s a=4 m/s? 
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LESSON ONE 


Life application (safety skills) 
[ © To avoid the dangers of exceeding prescribed speeds and to save souls, traffic 
instructions should be followed such as : 
~- Leaving an appropriate distance between vehicles to allow the driver to stop safely in 


case of emergency and more spacing between vehicles is required when : 
- Speed of cars gets higher. 
~ The road is wet or has oil stains. 
~ Vehicles are huge such that trucks should leave larger spacing than small cars. 


Ç Test yourself 


@ Choose : A car moves in a straight line with initial velocity of 20 m/s towards 
the north, If it moves with an acceleration of 2 m/s? towards the south, then its 
velocity after 12 s equals „sssrds 
@4 m's to the north 4 m/s to the south 
© 20 m/s to the north @ 20 m/s to the south 


OQ Prove that : Ifa body moves with uniform velocity v, then it is affected by a negative 
acceleration till it stops, its displacement is given by the relation : d = 


© If the velocity of a ship that moves in a straight line increases from 20 m/s to 30 m/s 
after covering a displacement of 200 m, calculate the time taken by the ship to cover 
this displacement. 


QUESTIONS ON 
Chapter 2 


Equations of Motion 
LESSON ONE 


Multiple choice questions 


o If the displacement of a body moving with uniform acceleration is given by the relation : 


d=vt+ + at?, the initial velocity of the body v; = 10 m/s and it is moving with acceleration 


a= 2 m/s?, then its displacement after 10 s i: 
@ 100 m @ 200m (©) 300 m @ 400 m 


@ The final velocity of a body moving with uniform acceleration is given by the relation : 
v= ye + 2ad . If the initial velocity of the body is 6 m/s and it moves by acceleration 


4 m/s?, then its velocity is = fter it covers a displacement of 8 m. 
@ 5 ms © 10 ms © 15 m/s @ 20 mis 


© If an object starts motion from rest and takes time (t) which is numerically equal to 
the magnitude of its uniform acceleration (a) to reach a final velocity of 16 m/s, 
the magnitude of its uniform acceleration = --- 
@) 2 mis? ® 4 mis? ©8 mvs? @ 16 mis? 


© The graph labeled represents the motion of an object that has initial 
velocity (v;) and speeds up at uniform acceleration (a) during time (t). 
vims) vims) (m/s) vims) 


=. ie nl — pre 
z ® © @ 


e A motorcyclist started motion from rest at a uniform acceleration of 1.5 m/s”, Its velocity 
has reached 7.5 m/s through a displacement of 
@ 125m © 18.75 m © 187.5m @ 1875 m 


oe A body starts its motion from rest and moves with constant acceleration. If its average 
velocity during 8 s is 1.5 m/s, so its instantancous velocity is ---------- after 30 s from 


starting its motion. 
@ 154 m/s ®© 12.5 mis © 11.25 m/s @ 9.25 m/s 
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\2 LESSON ONE 


7) A body starts its motion from rest and moves with uniform acceleration. If its average 
velocity is 10 m/s when it covers a displacement of 20 m, then its average velocity during, 
8sis 
(@)2 m/s (6) 40 ms © 10 m/s (@) 80 m/s 


Q The graph labeled ---------- represents the motion of an object at zero initial velocity and 
— ks en 
atm) dim) 


Kimas. L. 


o If a body starts its motion from rest and moves in a straight line with acceleration 
of 5 m/s?, then . 
@ the slope of the (d ~1) graph is 5 ® the slope of the (v? — t) graph is 5 
© the slope of the (d— ê) graph is 2.5 @ the slope of the Ey = t) graph is 2.5 


@ The opposite graph represents the motion of om) 


a body moving with a uniform acceleration, 
then its velocity after 10 s is ==- 
@25 mis 
© 50 ms 
© 100 mis 
@25 mis 
© The opposite graph describes the motion of a car 

moving with uniform acceleration, so its velocity 
after 100 m is 
@ 10 ms 
® 1073 ms 
© 1092 ms 
@ 20 ms 

( 12) Two bodies start their motion from rest and move in a straight line with uniform acceleration 
to cover a distance d. If the time taken by the first body to cover this distance is double 
the time taken by the second body, then the ratio between the acceleration of the first 
body and the acceleration of the second body is - 


@t+ ®t ©ł Ot 
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® A body starts its motion from rest and moves with uniform acceleration to cover 
a displacement (d) during time (t). so it covers a displacement -= in time (2t). 


@d ®2a @4d @yY24 


®© Car accelerates uniformly from rest to reach velocity (v) and covers distance (d), 
the velocity of the car when it covers distance (2d) is «++--++ 


@v @Y2v ©2v @4v 


G@®Tne opposite graph represents the relation between 
the velocities of two bodies A and B and the time, 
so the difference between their displacements is «++--++ 
@10m A 
W50 m 
©30m 
@oOm 


@ The opposite graph describes the motion of 
a body with a uniform acceleration. What is 
the acceleration and the time of motion of 
this body ? eers see 
@- Sms? 1.558 
®-333 ms? 2s 
©-5 mis? ,501 s 


@yYs m/s? Ws 


(17) The opposite graph represents the relation between 
the velocity of a body and the time during 20 s, so: 
(i) The total displacement covered by the body 


@20 ®i2m 

©6om o 

(ii) The total distance covered by the body is 1+ 

@20m ®i2m 

©oom @o 
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2 LESSON ONE 


© ‘The man in the opposite figure starts his motion from 
rest with an acceleration of 0.5 m/s? at the light pole A 
till his velocity reaches 2 m/s, then he moves uniformly 
by this velocity until he reaches the light pole B. So the 
total time of the man’s motion is +--+ 
@4s © 8s 
©ı2s @ 16s 


OY A vod; ing according to this relation : t = q ze , so the velocity of the body 
after 4s is = 
$ ms @3 ms _ © 4ms @ 12 ms 


ay A train of length 100 m m enters a straight tunnel of length | km with a velocity of 
4 m/s. If the train is moving by acceleration 0.5 m/s?, then the required time for the entire 
train to leave the tunnel is =+; 
@ 550s D 58.81 s ©2031s 


D In the opposite figure : Two bodies A andB 
start their motion from rest, so the ratio between 
the final velocities of A and B respectively after 
passing $ $ is «=== 
@& o+ 


et “Oy 


ay If two cars starts their r motion from rest at the same 

starting point and move in the same direction as in the 

opposite figure, the distance between them was 200 m 

after time (t) , then the distance between them after time 

dis 

@ 200m (©) 400 m © 800 m © 1600 m 


® A police officer finds 60 m of skid marks: at the scene of acar crash. “Assuming 
a uniform deceleration of 7.5 m/s? toa stop, what was the velocity of the car 
when it started skidding ? « 


@ 20 ms © 30 mis ©45 mis @ 60 mis 
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23) The opposite graph describes the motion of 
a body moving by a uniform acceleration, 
so the acceleration of this body equals 
@ 8 mis? 
© 0.5 ms? À 


o 1 2 3 4 


(25) The opposite (speed - time) graph describes 
the motion of a car. What is the acceleration 
of the car at 30 s ? - 

@0 
© aa m/s? 


© B m/s? 

@ A cyclist travels along a hilly road without using 
the pedals or brakes. Air resistance and friction are 
negligible. The (speed - time) graph of the cyclist 
is shown. At which point did he reach the bottom 
of the first hill ? 


@a 


is the distance travelled by the car in the four 
seconds 2 + 

@ 15m 

© 30m 


‘Time (9) 


28) The graph shows the movement of a car over 
a period of 50 s. What was the distance travelled 
by the car while its speed was increasing ? «++ 


@10m 
© 100m 
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2 LESSON ONE 
® An object travels at a constant speed of 10 m/s for Speed trate 
10 s. During the next 5 s, it accelerates uniformly 20 

to 20 m/s. What is the total distance travelled by 

the object ? ++ 

@ 150m ®© 175m 


© 200m @ 300m CE baad 


@ Acar accelerates from traffic lights for 10s. It stays ata a steady speed for 20 s and then 
brakes to a stop in 3 s. Which graph shows the journey ? 
Speos (ms) Speed tis Spim Speed (ass 


w 3 j w So 
© ® @ 


G) The graph shows part of a journey made 
by a cyclist. How far did the cyclist 
travel in 7s? 


@28 m © 30m 
©32m @42m 


Ci Essay questions 


o Can we apply the equations of motion when : 
(a) The acceleration of a body changes with time. 
(b) The acceleration of a body equals zero. 
Explain your answer. 


(23 If the distance covered by a body during time (t) is given by the relation : 
d= 4 at? , where (a) is the acceleration of the body. 
Mention three conditions that makes the provious relation applicable. 


C3) The opposite diagram illustrates two objects that started 
their motion from rest. 
(a) Which object has moved at a greater acceleration? 
And why? 
(b) Which object has covered a greater distance? 
And why? 


© A student carried out an experiment to study the motion of a cart that started from rest using 
a ticker-timer where the position of the cart is determined every second on ticker-tape as 
shown in figure : 


(A) 
(a) Describe the motion of the cart. 


(b) Find the average velocity if the displacement covered from (A) to (B) is 190 m. 
(c) Find the acceleration of the cart. 


6 This figure illustrates a ball rolling down a smooth (A) 
plane at a uniform acceleration. Points (A, B.C and D) K) @” 
indicate the ball position every 0.5 s. Based on 
the figure, answer the following : 

(a) How can you detect that the ball is speeding up? 

(b) Why does velocity increase? ` 

(e) Calculate the ball acceleration if the distance 
between (A) and (D) = 2m 


or An object starts its motion from the position (x;) with an initial velocity (v;) and 
moves in a straight line with uniform acceleration. Prove that its final position (xp) can 
be determined from the relation : 
Xp= Xt 4 (yt ypt 


ow From the first and the second equations of motion prove that : a: = vp 4 a? 


Ow Explain why the following situation is impossible : $ 
“A body starts its motion from rest and moves in a straight line with uniform acceleration 
to cover a distance of SO m in 10 s where its final velocity after this time is 8 m/s". 


Problems 


o A Plane landed on the runway at velocity of 50 m/s and then decelerates uniformly at 
2 m/s, calculate the time taken by the plane to stop completely. 25s) 


e A body moves in a straight line with uniform acceleration of — 4 m/s?, if its velocity 
at 10 : 05 : 00 am was 13 m/s, calculate its velocity at: 
(a) 10 : 04 : 59 am (b)10:05:0lam (c)10:05:04am (17 m/s. 9 as, —3 m/s) 
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3) An object has started motion from rest at uniform acceleration of 2 m/s? for 10s. 
Calculate : 
(a) Its final velocity. 
(b) The distance moved. (20 m/s, 100 m) 


© A bullet moved in a horizontal path at velocity of 100 m/s. This bullet penetrated 
a fixed target to 10 m deep before stopping. Find the acceleration of the bullet inside 
the target assuming that it is a uniform acceleration. ($00 mi) 


@ An clectron in the cathode ray tube is accelerated uniformly from 2 x 10% m/s to 6 x 10° m/s 
through a distance of 1.5 cm, calculate the time taken by the electron to cover this distance. 
9 
z (498 X I0 SD 


Q A car was moving at 20 m/s. When the brakes were applied, it decelerated uniformly at 
2 m/s?, Calculate : 
(a) The time taken to stop. 


(b) The distance moved during braking. 
(c) The average velocity during this interval. 0s, 100 m, 10 ons) 


@ A body was moving at initial velocity 40 m/s and decelerated uniformly at 4 m/s*. 
Calculate the distance covered by the body in 5 s and the time required to stop. 
(150m, 10s) 


© A train is moving with a velocity of 72 km/h, if it decelerates with 2 m/s?, what is 
the required time for the train to reach a velocity of 13 km/h ? B25) 


oO A body was moving at uniform velocity of 4 m/s for 8 s and then at uniform acceleration 
of 4 m/s? for 6 s. Calculate the total distance moved by the body. OR m) 


Kio) Acar is moving with velocity of 56 km/h and the minimum distance that would be taken 
by the car to stop is 12 m. Calculate by two different methods the minimum distance 
that would be taken by the car to stop, if the car is moving with velocity of 113 km/h. 
(Assume that the acceleration is constant in both cases) (48.9 m) 


( Ko A driver saw the red traffic light when he was moving with 80 km/h at 100 m away from 
the car, he used the brakes to decelerate at 2 m/s*. 


(a) Would the car cross the traffic sign? 
(b) Calculate the time taken by the car to stop. (Yes, JLH s) 
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@ Aman was driving in a straight road where he suddenly saw a falling tree that closes the 
road, so he applied the brakes to slow down the car by uniform acceleration of 5.6 m/s? 
never the less he hit the tree after 4.2 s. If the tree was 62.4 m away from the car when 
the brakes were applied, calculate the velocity by which the car collides with the tree. 

(RA ms) 


® A vehicle has started motion from rest at uniform acceleration of 2 m/s? during 6 s and 
then moved at uniform velocity for half a minute. Next to that, the brakes are applied 
to decelerate the vehicle to stop within 5 s. Calculate : 
(a) The greatest velocity reached by the vehicle. 
(b) The total distance moved by the vehicle. 
Then, plot the (velocity - time) graph of the vehiclg’s motion. (12 ns. 426 m) 


® A car moves with velocity of 30 m/s and after 5 s its velocity becomes 10 m/s. Calculate 
the distance covered by the car in the third second. om 


© The opposite figure shows a car moving with 
uniform velocity of 60 km/h, the car's driver 
suddenly saw a break down truck which is 
45 m apart from him so the driver applies the 
brakes to decelerate the car by 2.77 m/s per second. 
Prove mathematically that the car will collide with the truck. 


© A car has started motion from rest at uniform acceleration of 2 m/s*. After moving 
a distance of 100 m, the driver turned the engine off, so the car stopped 5 s afterwards. 
Find the acceleration and the distance moved during these 5 seconds. (dws? 50 w 


@ Two cars A and B start their motion from rest from the same point. If car A moves with 
acceleration (a) and car B moves with acceleration (1.5 a) and after 50 s the velocity of 
car B becomes larger than the velocity of car A by 50 m/s, calculate : 

(a) The value of acceleration (a). 
(b) The difference between the distances that are covered by the two cars A and B. 
(vs, 1250 m) 


® An object is moving according to the relation : d = 16 t- 1.5 e 
Find : 
(a) The initial velocity of the object. 
(b) The acceleration of the object motion. 
(c) The time required by the object to stop when it decelerates by the same value. 
(d) The object velocity after moving 4 m. (16 ns, = 3 m/s?, S35. 15.2 mis) 
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© An object is moving according to the relation : 
Find : 
(a) The initial velocity of the object. 
(b) The acceleration of the object motion. 
(c) The distance covered by the object in 10 s. (2 mis. 2 ai, 220 m) 


® An object moves according to the relation : vp =1364+5d „find: 
(a) The initial velocity of the object. 
(b) The acceleration of the object motion.. 
(c) The displacement of object after 20 s. 
(4) The displacement of object when its velocity reaches 20 m/s. 
(c) The velocity of the object after 15 s. (6 ms, 2.5 en's? 620 m, 72.8 m, 43.5 m's) 


@ The opposite graph represents the relation Yams) 
between velocity and time for two objects 
(A) and (B) moving from rest. 
Calculate : 
(a) The displacement of each object after 6 s. 
(b) The time taken by the object (B) to be 
displaced through the same displacement 
of the object (A) after 6 s. 


UIS mW, 7.35 9) 


@ y A tiger started running when it saw a deer running at uniform velocity of 2 m/s at 
15 m far from it. If the tiger ran at acceleration of 2 m/s?. When and where will the tiger 
catch the deer ? (5s, 25 m from starting motion) 


ey In the opposite figure : A static police car (A) Ee 7 Ei 
which is at a distance of 9.8 km from the highway CartB) 
received a report about a moving car (B) at 40 m/s 
‘on this way. If the maximum acceleration of 
the police car is 4 m/s, at what distance should 
be car (B) if the policeman wants to reach before 
it by 30 s? 


(a) Plot the graphical relation between the displacement (d) on y-axis and square of 
the time (® on X-axis. 
(b) From the graph find the acceleration of the object. (Sms?) 


25) The table below shows the relation between the distance moved by an object in 
a straight line at uniform acceleration and time (the object starts motion from rest) : 


(am [ofa [ala] 
| 2 | 

(a) Find the acceleration of the motion of the object. 

(b) Plot the graphical relation between velocity and time. 


(¢) From the graph find the object velocity after 1.5 s. (6mis*. 9 mis) 
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Chapter 2 
LESSON TWO 


© In the previous lesson we talked about the equations of motion that describe the motion of À 
objects at uniform acceleration and as follows we will study some applications of motion 
with uniform acceleration, such as : D 


Ja First: Free fall Second : Projectiles 


| CESE 


9 Falling of a parachutist Shooting a Nare 
v 

s - 

© If two objects of different masses (a book and a sheet of paper) are $ 


dropped at the same time from the same height, the two objects start 
motion from rest (v; = 0) falling under the effect of two forces : 
1. The gravitational pull of the Earth (their weights). | 
| we 


2. The air resistance. 
Since collision of the object with air molecules affects the & 


D 
velocity of falling of light objects (the paper shect) more KA fo. 
h) 


than that of heavier objects (the book), we find that the book 
reaches the ground first. 


y 


ia 


my 


ys 


© If the air resistance is neglected, the two objects fall under the effect of their weights only 
and acquire a uniform acceleration that acts to increase the speed of falling gradually 
till it reaches its maximum value when touching the ground. This acceleration is called 
acceleration due to gravity (free fall acceleration) which is the uniform acceleration by 
which objects move during free fall towards the ground. 

© The free fall acceleration varies slightly from one position to another on the Earth’s surface 
because the Earth’s shape is not completely spherical but it is elliptical, where its equatorial 
diameter is bigger than its polar diameter, so the free fall acceleration varies depending on 
the distance from the Earth's center. 


© The average value of free fall acceleration equals 9.8 m/s* and for simplicity it can be 
considered 10 m/s*. 


Distinguished Scientists 


Galileo 

Galileo proved that : 
Falling objects of different masses, when neglecting air resistance , 
reach the ground at the same time. * 

He put an end for Aristotle's idea that implied : “Heavy objects 
would reach the ground in a shorter time than that taken by 

lighter objects”. 

He proved this by dropping two objects of different masses down 
Tower of Pisa in Italy. 


E Notes: l y 


1. When objects move under the effect of gravity we can apply the equations of 
motion as follows : 


vy=y+gt d=vit+ter 2gd =v? -v 


2. When an object falls freely 3. When an object is projected 
downwards : vertically upwards : 
* The velocity of the object increases * The velocity of the object decreases 
gradually till it reaches its maximum gradually till it vanishes at 
value when reaching the ground. the maximum height. 
Its initial velocity v,=0 Its final velocity v= 0 
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That can be represented graphically as follows : 


vies) vim/s) 


1) 4s) 
* The free fall acceleration (g) has * The free fall acceleration (g) has 
a positive sign (increasing velocity) since a negative sign (decreasing velocity) 
the direction of object motion is in the since the direction of object motion 
same direction of Earth’s gravity. opposes the direction of Earth's gravity. 
4. The next table shows the instantaneous velocity of » body that falls freely every 
second, we notice that the instantancous velocity of the body after one second is 
10 m/s but that doesn’t mean that the body falls a distance of 10 m during the first 
second, because the body moves with acceleration (free fall acceleration) so its 
instantancous velocity differs from its average velocity and we find from the second 
equation of motion (d = vit 4 gt) that the body falls a distance of 5 m and after two 
seconds it falls a distance of 20 m as in the following table : 


f The instantaneous velocity (m/s) | The falling distance (m) | The time taken (s) | 


Astone fell from the roof of a building. If the stone passed by a man standing in a balcony 
5 m high above the ground 2 s later (consider : g = 10 mls?), find : 

(a) The building height. 

(b) The stone velocity at the moment of passing by the man, 
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Q Clue 


The height of the building is the distance covered by the stone from the roof of 
the building to the balcony (d,) added to the distance covered by the stone 
Srom the balcony to the ground (d,). 


(a) d,=v,t+ yg? 
=0+(4 x 10x 27)=20m 
hed, +4,=5+20=25 m 


(b) The stone velocity when it passes in front of the man : Y= vitet 


vp= 0+ (10 x 2)= 20 mis 


| ee eee Oe 
An apple has fallen freely from a tree and reached the ground after 1 second. Find : 
(a) Its velocity at the moment of hitting the ground. 
(b) The average velocity of the apple during falling. 
(c) The height from which it fell. (g = 10 m/s?) 


Solution 


| (a) Velocity at reaching the ground : v=y+gt 
| vp= 0+ (10 x 1)= 10 m/s 
(b) The average velocity : V = — 
| (c) The height from which the apple fell : d = vtt 4 g? 


| d=0+4x10x1?=5m 
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The following table records the values of velocity, dizplacemeni ani time ofa frie filling object : 
Time (s) | Displacement (m) i Velocity (m/s) ) 
0 0 


| o | 

os | 1.25 ig TA 
1 10 

L5 15 
2 20 


(a) Use the recorded data to plot the graphical relationships of (displacement - time) and 
(velocity - time) that describe the motion of the object. 

(6) What can be concluded from the increase in spacing between the object positions with 
passing equal intervals of time ? 

(c) Calculate the displacement and the velocity of the object after 3 s from the instant of falling. 


| 
+ 
| 
l 
l A 


| Solution 


(a) dim) 


(b) The increase in spacing between the object positions with time indicates that the object 


| 
| 
| 
moves at increasing velocity (positive acceleration). | 


| (c) To find the acceleration (a) of the object’s motion, we evaluate the slope of the straight 
line in (velocity - time) graph. 


<P 20-10 = 10 mis? 


oie 
=0+4 «10x G)?= 45m 


ve= v; + 8 C= 0+ (10 x 3) = 30 m/s 


& Practical Determination of the acceleration due to gravity 
Experiment using water drops. 


__1. Experiment Objectiv 
Determining the acccleration due to gravity (g). 


_ 2 Experiment Idea: 
Measuring the time (t) taken by a water drop to fall freely through a vertical 
displacement (d). 
e Finding the free fall acceleration (g) by knowing both 
of (t) and (d) and applying the second law of motion. 
E Tools: | ` 
1. A jar of water provided with a tap that controls 
water dripping. 
2. A stopwatch. D 


3. A metal dish to produce sounds of water splashes. 


4. Meter tape. Metal dish 


Eola ii 

1, Adjust the metal dish directly below the tap opening at a distance (d = | m). 

2. Control the tap to allow a water drop to fall just at the instant of hearing the previous 
drop hitting the dish base. Accordingly, the time taken by the drop to fall becomes equal 
to the time between dripping two successive drops from the tap. 

3. Record the time taken by 50 successive drops to drip using the stopwatch. 


Then find the time between two successive drops (t) which is the time of drop falling. 


4. Repeat the previous procedure several times then find the average time taken by one 
drop to fall. 
5. Find the acceleration due to gravity (g) using the second equation of motion, where : 


m La 
davyt+ > at 


Vv, =0 


EE sy ly ole Ayla easy Yy pale lgl aged ald haali Iia 


CHAPTER 
2 LESSON TWO 


Example ai 


In an experiment to determine the acceleration due to gravity using falling water drops, 
the distance between the tap and the plate base was (1 m). If the time taken by 100 drops 
is 45 s to fall and reach the plate, find the acceleration due to gravity. 


| Solution 
E 


;=0} d=Im: ‘ty 4558) Í n= 100: g at 


Total time „ho 45 9 455 
Time taken by one drop to fall = mberof == iog 7045s 


| Substituting in the second equation of motion : 


| davyt+ $ eat g? 


Ç Test yourself 

Choose : 

@ Which of the following statements is correct for a body that is falling 
freely ?... (g =9.8 mis”) 
@ The body falls a distance of 9.8 m after passing the first second 
®© The body falls a distance of 9.8 m every second 
© The acceleration of the body changes by 9.8 m/s? every second 
@ The average velocity of the body during the first second is 4.9 m/s 


@ A metallic ball falls freely and passes by 4 levels 
J, K, L, M that are at equal distances from each 
other as in the opposite figure, then „sss... 


The maximum velocity of The minimum time taken by 
the ball is between the ball is between 


J.K J,K 
J.K L.M 
L.M J,K 
L,M L.M 
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Projectiles 


The projectiles are classified into : 
- Vertical projectiles. - Two-dimensional projectiles. 
Vertical projectiles 


© When an object is projected vertically upwards, it starts at initial velocity (v,) 
which does not equal zero and moves with uniform deceleration (— 10 m/s’), 
© The velocity of the object decreases gradually as the object gets higher 
and reaches zero at maximum height. 
© The direction of velocity changes when the object returns back to 
the ground under the effect of Earth’s gravity that makes the object 
accelerate (10 m/s”). 
© The velocity of the object when it is projected up = — its velocity at 
the same level (height) when it is falling down 
© The time of rising to the maximum height = The time of falling to the same level of projection 


fExamp ca 
An object is projected vertically upwards at initial velocity 98 mls, Find : 
(a) The maximum height reached by the object. 
(b) The time taken to reach that height. (g = 9.8 m/s?) 


Solution 


ga ETM. 0-08? 400m 
2g 2 x (- 9.8) 


(b) v= V+ Bl 
0-98 


t= =g = l0s 


z -98 


fexample É i =a 


A ball is projected vertically downwards with initial velocity 8 mls from a height of 30 m. 
Calculate the time taken by the ball to reach the ground. (g = 98 mls?) 
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Solution 


a 5a gi=@Psc@x98 x20) 
= 25.53 mis 

pani 

25.53=8 +9.81 

t=179s 


Another Solution : 
d=vt +teg È 
30=8t+ ($ x9.8 x) 
49° +8t-30=0 
By using the calculator to solve the ‘equation : 
“te hos 
Eas!) een ee 
The table below records time, displacement and velocity of an object projected vertically 
upwards at initial velocity 20 mls : 
eeaim as 2 as Ps a, = 
| Displacement (m| 0 | 875 | 1s _| 1875| 20 | 1875] 1s | 825 | 
[_ Velocity (ms) | 2 [1s | to | s | o | -s | -10| -1s| -20) 


This motion can be represented by the following diagrams : 


Projectile trajectory Change fines with time Change of velocity with time 
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(a) Determine the object velocity at the points P, Q and N in the (displacement - time) graph 
and in the (velocity - time) graph. 

(b) What is the valuc of the line slope in the (velocity - time) graph? What does it 
represent? Why has it got a negative sign? 

(c) Calculate the distance and displacement from the start to the end of the journey. 


Solution 

(a) From the (displacement - time) graph : 
The velocity of the body at any point equals the slope of the tangent of the curve 
at that point. 


From the (velocity - time) graph, we obtain the same values. 


ineen AV E 2 
(b) Slope of line = cy EE Aa 10 m/s 


‘The slope of line represents the acceleration of the object (free fall acceleration). 
The negative sign indicates that the object velocity decreases as it goes further 
from the ground. 

(c€) Distance (s) = 20 + 20 = 40 m , Displacement (d) = zero 


g Test yourself — — -— 
¿A ball was projected vertically upwards to reach its maximum height (h) after 3 s, 
calculate the value of (h). (g = 10 m/s?) 
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QUESTIONS ON 
Chapter 2 Applications of Motion with 


Uniform Acceleration 
LESSON TWO (Free Fall - Vertical Projectiles) 


Interactive test 
Multiple choice questions 


o When an object falls freely, its ------- changes from one point to another. 
®© mass ©® velocity © acceleration @ weigh 


Orwo bodies of different materials having the same volume fall freely together from 
the same height. Which statement describes correctly their arrival to the ground? >+- + 


@ The heavier body reaches first @® The lighter body reaches first 
© The heavier body accelerates more @They reach the ground! at the same time 


C3) If a body falls freely from a building of height @: where it takes time oe to reach the base 
of the building, then the height of the building is given nd the relation : e 


@d=g @d= st ©d=4 


eo An object falls freely. Given that (g= 98 mis, its aaa 2 seconds later becomes 
@4ms (49 mis © 19.6 ws @25 mis 


ev If a body falls freely where its velocity after covering a distance of 1 m from the start 
of its falling is v, then its velocity after 1 s from the start of its falling is ~ 


@yv ®2v o$ Ofa» 


O The graph that represon an object falling freely is labeled - 
d(m) dim) dim) dim) 


cag teal eaten ste 


Q A man drops a stone from the top of a building and when the 
stone covers 10 m the man drops another stone. If the height of 
the tower is 100 m, then the time difference between the dropping 
of the two stones is =-=- - (g = 10 m/s?) 


© The opposite figure shows a ball that falls freely from position A 
So the ratio between the velocity of the ball at position B and at 
position C is -------- respectively. (g = 10 m/s?) 


Oy An object falls from the top of a building of height (2 d), then it reaches the middle of 
the building after time (t), so it covers the other half of the building during time «+++. ` 


@yY2t ®ose ©0.33t @oaie 


@ The body A falls freely from a height (h) towards the ground and at the same instant the 
body B is projected vertically upwards. If the two bodies meet at height &, then vee + 


Ql = @o<5h<! t= =0 


O Two balls of the same volume are projected vertically upwards from the same level with 
the same initial velocity, where one of them is metallic and the other is wooden. If the 
density of the metal is larger than the density of the wood, then 
(neglecting the air resistance) 

@ the two balls reach the maximum height at the same instant 
© the metallic ball reaches the maximum height first 
© the wooden ball reaches the maximum height first 


@ we can’t determine the answer 


O The graph that represents an object projected vertically upwards at an initial velocity (v;) 
till it reaches its maximum height is «e + 


vims) vims) vims) vms) 
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O The graph that best describes an object projected vertically upwards and retumed back to 
the point of projection, having the direction of initial velocity positive, is =+ + 


v(m/s) v(m/s) v(m/s) v(m/s) 


© ® © ©) 


® Arock is projected vertically upwards where it reaches the maximum height (d) after 
time (t), then it falls freely till it reaches the samg point of projection. So, its average 
velocity equals = + 

d 2d n d 

@ zero 7 ® v © Ox 

Ris} Two balls are projected vertically upwards such that the velocity of the 1° is twice that of 
the second, then the ball with the higher velocity reaches a height equals ~=- « 
@ twice the other ONVZ of the height of the other 
© 4 times the other @ 8 times the other 

® The highest jump recorded by a player in a basketball game was 125 m, so the flight's 
time of this player is «(g = 10 m/s?) 
@0.05s 

17) Two objects A and E B are projected from the top of a building with the same velocity, 


where A is projected upwards and B is projected downwards. If the mass of A is greater 
than the mass of B, then when reaching the ground (by neglecting the air resistance). 
@ the velocity of A is greater than the velocity of B 

© the velocity of A is less than the velocity of B 

© the velocity of A equals the velocity of B 

@ the velocities of A and B equal zero 


cis) Body A falls freely on the ground and at the same instant body B 
was projected downwards to the ground with initial velocity v. 
If the two bodies reaches the ground at the same instant, then 
the value of v is =-=- - (g = 10 m/s?) 
@242 mis ®wfioms ©5Y2ms © 245 ms 
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© An object is projected vertically upwards with a velocity of 15 m/s from a height of 20 m 
above the Earth’s surface, so its velocity when it hits the ground is «++. - (g = 10 m/s?) 


@20 mis ® 35 ms ©25 mis @ 15 ms 


(20) The boy A projects a ball downwards with velocity v, where it 
reaches the boy B after 0.5 s. So, the ball reaches the ground after 
from the moment of projection. (g = 10 m/s”) 
® 3.14s 
@ 1.58s 


ay A boy projects a ball vertically upwards with velocity v from 
the top of a building where it rises and then it falls‘down to hit 
the ground with velocity 2 v. So, the total distance covered by 
the ball is «sss -(g = 10 mis?) 
@30m ®60 m 
©50m @ 120m 


® A small stone is dropped from the top of a ladder and hits the ground. It does not 
rebound. Which (speed - time) graph is correct ? -= 


(23) A table - tennis ball is released from the top of an evacuated tube. 
Which graph shows how the speed of the ball changes with time 
as it falls to the bottom of the tube ? +--+ ` 


Speed Speed Speed 
FA Time a Time KO Time 
© ® © 
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QUESTIONS ON CHAPTER: 


oy A metallic ball falls from a height of 2 m towards the 
surface of a lake, its velocity when it hits the water was v, 
then it moves inside the water by an average velocity of 
0.2 v for 5 s till it reaches the bottom of the lake, so the 
depth of this lake is -= « (g = 10 m/s?) 


@2%5m ®10f2m ©2410 m 


TCA Essay questions 


o If the velocity of a body equals zero at an instant, is it necessary that its acceleration at 
the same instant equals zero ? Give an example, 


a 981 mis? 
eo From the opposite figure : ae i 


Explain why the free fall acceleration varies 
shi $ 829.79 mis? 
from one position to another. ` 


e Explain the following sentences : 
(1) When an object falls freely from rest, its velocity increases. 
(2) The velocity of a body that is projected vertically upwards decreases till it reaches zero. 
(3) At maximum height, the acceleration of the projected object docs not equal zero. 


4) In the opposite figure there is a tube which is vacuumed 
from air, if the tube is inverted which of the following 
will be larger the rate of change of the coin’s velocity or 
the rate of change of the feather’s velocity ? And why ? 


e Study the opposite graph which represents the motion 
of an object under the effect of gravity and answer : 
(a) Describe the kinematic state of the object. 
(b) What do the points (A) and (C) represent? 
What is the relation between them? 


(c) What does the point (B) represent? 
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@ The opposite graph represents the projection of two objects “09 


vertically; one on the Earth while the other on the Moon. 
Given that the acceleration due to gravity on the Moon is + 
that on the Earth (g = 10 m/s”), answer : 
(a) Which line represents the projection of the object on the Earth? 
(b) Why do the two lines (A) and (B) have different slopes? 
(c) Estimate the time value at the point (x). 
(d) What would happen to the slope of the two lines when the mass of the object is 
doubled in both cases ? And why ? 
Do The opposite figure shows the path of a ball that is projected 
vertically upwards to pass in front of three identical windows which 
have equal lengths and are at equal distances from each other, 
arrange these windows in a descending order according to : 
(a) The acceleration of the ball while passing by each one of them. 
(b) The time taken by the ball while passing by each one of them. 
(c) The average velocity of the ball while passing by each one of them. 
(d) The change in the velocity of the ball (Av) while passing by each one of them. 


liticmm Problems 


O Two bodies of masses 5 kg and 25 kg fall freely at the same time from a point 10 m high 
above the ground. Which body reaches the ground first? Neglect the air resistance and 
consider (g = 9.8 m/s). Then calculate the time taken by each body to reach 
the ground. (143 5, 1.43 8) 


C2) An object falls freely from 3.2 m high above the Moon surface. If it takes 2 s to reach 
the surface, find the acceleration duc to Moon's gravity. (1.6 avs*) 


C3) An object falls from 5 m high above the ground. Find its velocity when reaching 
the ground and the time taken. (g = 9.8 m/s?) (9.9 ws, 1.01 $) 


© An object falls from a tower to reach the ground 6 s later. If the free fall acceleration is 
9.8 mis, find : 
(a) The object velocity when reaching the ground. 
(b) The tower height. 
(c) The distance covered during the last 2 s. (58.8 ns, 176.4 m, 98 m) 
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e A stone falls from the edge of a well that contains water at 122.5 m from the edge of 
the well. How many seconds will pass to hear the sound of the stone hitting the water ? 
(knowing that : the velocity of the sound in air = 343 m/s) (5.365) 


6) In an experiment to determine the free fall acceleration duc to gravity using water drops 
that fall freely, the distance between the tap and the plate base is (123 cm). If the time 
taken by 50 drops is 25 s, find the free fall acceleration. (9.84 mis") 


Qy A piece of lead was thrown in a lake from 10 m high above the lake’s surface, when 
it reaches the surface of the water its velocity was (v) then the velocity starts to decrease 
and it dives at an average velocity equals (0.1 v) to reach the bottom of the lake after 6.5 s. 
Calculate the depth of the lake. (g = 10 m/s?) 919m) 


Owran object falls freely as in the opposite figure from point (A) 
to point (C) and point (B) is in the middle of the distance. 
Calculate the ratio between the time of motion of the 
object from (A —» B) and the time of motion from 
(A— 0). f Ly 


o An object is projected vertically upwards to reach maximum height of 80 m. 
If g=9.8 mis. Find : 
(a) The velocity of projection. 
(b) The time taken till the object returns back to the point of presen: (39.6 m/s. 8.08 s) 


Ko A body was projected’ vertically upwards with initial velocity 98 me, if the free fall 
acceleration is 9.8 m/s, calculate : 
(a) The velocity of the body after 5 s from the instant of projection. 
(b) The maximum height reached by the body. 
(c) The total time taken by the body from the point of projection till it returns back to it. 
(49 m/s, 490 m, 20 s) 


© An object was projected upwards with initial velocity 60 m/s, calculate : 
(a) The time required to reach a velocity of 20 m/s. 
(b) The height of the object when its velocity equals 20 m/s. 
(c) The time required for the object to return back to its initial point. 
(da) The maximum height. (4s, 160 m, 12s. 180 m) 


@ A stone is thrown at velocity 96 m/s into a well to reach the bottom 3 s later. 
Find the well depth. (g = 9.8 mis?) ) (332.1 m) 
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© A body of mass 3 kg was projected vertically upwards by initial velocity 40 m/s, calculate : 
(a) The maximum height reached by the body. 
(b) The total time taken by the body till it returns back to the point of projection. (80 m, 8 s) 


® ad A body (A) was projected vertically upwards by initial velocity 20 m/s, after that by 
one second body (B) was projected from the same point of projection, calculate the initial 
velocity that makes body (B) collides with body (A) at the maximum height. (25 mis) 


È The Opposite graph represents the relation between 
velocity and time of a projectile. Find : 


(a) The time taken to reach maximum height. 

(b) The total time taken by the object for its flight. , 

(c) The free fall acceleration. 

(d) The maximum height reached by the object. (58.105 .~ 10 mis*, 125 m) 


(Q Y A rocket starts its motion vertically upwards from rest viv 
and moves with uniform acceleration until its velocity 
reaches 900 m/s after 30 s. At this instant the rocket’s 
engine crashes and the rocket’s velocity decreases 
uniformly for 90 s during its elevation until it vanishes : 
(a) Draw on the opposite graph paper the (velocity ~ 
time) graph of the rocket’s motion during its elevation 
for 120 s. 
(b) By using your drawing, calculate : 
1- The acceleration of the rocket during the first 30 s. 
2- The height reached by the rocket after 120 s. GBO mvs?, 54 km) 


O The table below shows the relation between the displacement of an object falling freely 
and square of time : 


(a) Plot the graphical relation between displacement on y-axis and square of time on x-axis. 
(b) From the graph find : 

1- The values of A and B. 2- The free fall acceleration. 

3- The object velocity after 4 s. (44.1 m, 25 sè, 9.8 mi/s*, 39.2 mis) 
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i Two-dimensional projectiles (projectiles projected at an angle) : 2A 


Projectiles projected at an angle (Motion in two dimensions) D 
s 
© When a ball is projected upwards with initial velocity (v,) at an angle (0) with ) 
the horizontal, it moves in a curved path as shown in the figure : Ky 1 
v.0 
z e.. X 


Ta Ke 


©., 
lee J 


Be 


a 
à 
8 
é 


{ 
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In the vertical dimension (y) 


| 
The initial velocity 


Vig = V; 008 8 Vy = sin@ 


The final velocity (by using equations of motion) 
The ball moves with uniform velocity The ball moves with variable velocity under 
(assuming that there is no frictional forces). | the effect of the free fall acceleration. 
“a0 wa=-g 


ay, 


tx = Vix “+ Vp can be calculated at any instant from 


any’ height. 


© The velocity of the projectile at any instant is given by Pythagoras’ relation : 
4 | 
{ ty 
| vem fi + A 


Vi 
te 
© Finding the time of reaching the maximum height (t) and the flight time (T) : 

Vy = vy? gt 
When the body reaches the maximum height, the velocity in the vertical direction (y) 
vanishes. So, we substitute with Wy = 0) in the first equation of motion : 0 = Vy + Bt 
A EPA 

Catwg 
The flight time (T) : The time taken by the body from its initial point of motion till returning 
back to the plane of projection is double the time of reaching the maximum height (t) : 


zil T=2t= 5% 


© Finding the maximum height reached by the projectile (h) : 
-= When the body reaches the maximum height, the velocity in the vertical direction (y) 
vanishes Wy = 0), but it has a velocity in the horizontal direction (v,,). 
* From the third equation of motion : y 
= 2 
2ad=vi,—vi, 


CHAPTER 
: TAR esson THREE 


© Finding the horizontal range (the horizontal distance reached by the projectile) (R) : 
* Time of the maximum horizontal range = Flight time = T 
Substituting by (a, = 0) and (d = R) in the second equation of motion : 


~2VigMy _~2 Vf cos @sin 0 


Rey, Ta2v t= z 


Notes : — 

* It is important to know that the horizontal and the vertical motion 
of the projectile are not dependent on each other, where their 
effects together produce the curved trajectory of the projectiles. 


* The opposite figure shows the change in the position of two balls 
through equal intervals of time where one of them is projected 
horizontally and the other is left to fall freely at the same time 
(neglecting the air resistance). 

* The ball that falls freely in a straight line, it falls under the effect of its weight and its 
motion can be described by using the equations of motion with uniform acceleration in 
one direction where a = g 


* The ball that is projected horizontally, it moves a horizontal distance with constant 
horizontal velocity that is given by the relation : Ax = v At, and the ball's motion on 
the vertical axis is the same as the motion of the free falling ball where its initial 
vertical velocity equals zero, so it covers at any instant the same vertical distance 
covered by the free falling ball. Because of this the two balls reach the ground at the 
same instant and it is clear that there is no relation between the covered distance during 
falling and the horizontal component of motion. 


* The summary of this is that : The projectile motion consists of two components of 
motion which are the uniform velocity motion on the horizontal axis and the uniform 


acceleration motion on the vertical axis. | 


1 
A motorcycle is launched at 15 mls in a direction that makes an angle of 30° to the horizontal. Find : 
(a) The maximum height reached by the motorcycle. 
(b) The time of its flight. 
(c) The horizontal range reached by the motorcycle. (g = 10 m/s?) 
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Vix = V; COS 30° = 15 x 0.866 = 13 m/s 


Viy = Y; Sin 30° = 15 x 0.5 =7.5 m/s 


2 
à r “Ny -0s 
(a) The maximum height (h) = We aeo” 28m 


-2v, 
(b) The time of the flight (T) =2t= We =2*75 - 1.Ss 


| 
| (© The horizontal range (R) =v, T= 13 x 1.5= 19.5 m 


/Example FAN = 
In the opposite figure : 
A man that stands at the top of a building, launches a ball with 
initial velocity 40 mis in a direction that makes an angle of 30° with 
the horizontal. If the ball spent 4 s to reach the Earth’s surface : 
(a) What is the building's height? 
(b) How far does the ball fall from the base of the building ? 
(©) If the same man projects another ball horizontally to reach 
the ground at the same point as the previous case, calculate 
the velocity by which the ball is projected. (g = 10 m/s?) 


Solution 


= 40 m/s} 


havit+ 4 gt?= (20 x 40) + $ x 10x 4? = 160 m 
(b) v; = V; cos O = 40 x cos 30° = 34.64 m/s 

R =v t = 34.64 x 4 = 138.56 m 
(a Clue 


When the ball is projected horizontally, its initial vertical velocity will equal zero. 


| (a) Viy = V; sin 8 = 40 sin 30° = 20 m/s 
| So, the initial velocity of the ball is the horizontal velocity only. 


a L a 
hev,t+ > et 
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+ When the ball is projected horizontally, its initial velocity becomes horizontal 
velocity only. 
s v, =v, = 24.49 m/s 
i> Vix 


A fish is moving in the water when it jumps outside the water with velocity 6.26 mls at an 
angle of 45° to the horizontal, it covers a horizontal distance L till it hits the water again, 
then it moves the same distance inside the water with velocity 3.58 mls before it jumps 
again. Calculate : 

(a) The average velocity of the fish during its motion inside and outside the water. 


(b) The percentage of the decrease in the time of motion, when the fish moves by this way 
instead of moving inside the water only with velocity 3.58 m/s. (g = 9.8 ms?) 


Solution 


(a) 
‘Q, Clue 


To determine the average velocity of the fish during its motion, we should determine : 

- The total displacement of the fish inside and outside the water which is the horizontal 
distance moved by the fish inside the water added to the horizontal distance moved by 
it outside the water. 

= The total time taken by the fish which is the summation of the time of motion inside 
the water and outside it. 


~2v,  -2v,sin@ i 
iy fi = 2 x 6.26 sin 45 
T= z ae aa ama Ta 


R =L= v, T= v; cos 6 T = 6.26 cos 45 x 0.904 = 4m 


= When the fish moves inside the water : 


( eer aoe 
Ga Saag FT 


- The total time of motion : 
TST, +t, = 0.904 + 1.117 =2.021 s 


2b 2x4 
oar = 3.96 m/s 


(b) 


Q, Clue 
When the fish moves inside and outside the water, the time of its motion will be less than 
the time of its motion if it moves inside the water only. This decrease in time is the ratio 
of the difference between the two periods of time to the time of the fish's motion inside 


the water, 
- If the fish moves inside the water only : 
t=2t,=2x 1.117 =2.234 s 
AT =t- T =2.234 -2.021 = 0.213 s 
«<. The percentage of the decrease in the time = 100 x 923 = = 9.5% 


Do you know ...? —— 
1. The projectile reaches maximum horizontal 


range when it is projected at an angle 45°, 

2. The horizontal range is the same when the 
projectile is projected at complementary angles 
and at the same initial velocity (angles of sum 90°). 


Ç Test yourself z AS 


i 
i © A body is projected at angle 6 to the horizontal, so at what point is the direction of 
the body’s velocity perpendicular on the direction of the body's acceleration ? And 


at what point are they parallel ? 


| e If the initial velocity of launching a projectile equals 5 times its velocity at 
the maximum height reached by it, calculate the angle of its projection. 
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QUESTIONS ON 
Chapter 2 Follow Applications of Motion 
with Uniform Acceleration 
LESSON THREE (Two-Dimensional Projectiles) 
Interactive test 


Multiple choice questions 


o When the projectile which is projected at an angle reaches the same horizontal level after 
time T, then it reaches the maximum height after time ~-=- + 
@4T ©2T @r 
© 1f an object is projected upwards at an angle of 30° to the horizontal and its initial 
velocity is 20 m/s, its maximum height = (consider : g = 10 m/s?) 
@sm ® 10m © 15m 
oe The opposite figure shows an object that is projected at an 
angle, if : (g = 10 m/s) 
(i) the maximum vertical height reached by the object is given 
= (iy)? 
by the relation : h = E + then the value of h is =- 
@ 400 m ® 100m ©20m @ 10m 
(ii) the maximum horizontal range reached by the object is given by 


= 2v;,¥; 
the relation : R = a then the value of R is s=- 
@) 800 m © 80m © 200m @ 20m 


eo When an object is projected at initial velocity (v;) in a direction making an angle of 60° to 
the horizontal to reach a horizontal range R. To make the projectile reach a greater range, 
it should be projected at the same initial velocity and angle «++ 


@ 9° @ 1s 3 @ 3w 


Ks) The horizontal range reached by two identical projectiles is the same when they are 
projected at same initial velocity at angles 
@ 80° and 30° ®© 80° and 60° © 50° and 40° @ 20° and 80° 


oe A body is projected at angle - with the horizontal, where the maximum height (h) 
reached by it equals R x 
@30 @ 4s © 60 @75° 
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@ There are two balls X and Y rolling together from the top of a table with the same 
horizontal velocity, where the mass of X is greater than the mass of Y. If we neglect the 
air resistance, which of the following figures describes the motion of the two balls ? +-+- + 


@ A projectile was projected with velocity v and then it was projected with velocity = from 
the same height and by the same angle of projection, so the ratio between the horizontal 
range of the projectile in the first case and the horizontal range of it in the second case 


®+ @+ @t 


Ko) Three identical balls are projected at the same moment from the same point with the same 
velocity, where the first ball is projected vertically upwards and the second ball is projected 
at an angle of 45° to the horizontal and the third ball is projected at an angle of 60° to the 
horizontal. So the ball that hits the ground first 
the first ball 
© the second ball 


© the third ball 
@ all the balls reach the ground at the same moment 


® Two projectiles A and B were projected with the same velocity, where 6 is the angle made 
by the projectile A with the horizontal and also it is the angle made by the projectile B with 


the vertical, then -» (where 6 < 45°) 
@ they have the same flight time 

© they reach the same maximum height 
© they have the same horizontal range 
@ all the previous 
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2 LESSON THREE _ 


oO A boy projects a ball with velocity 10 m/s at an angle of 30° to the horizontal from 
the top of a building of height 10 m. So, the maximum distance reached by the ball 
at the same level of projection is «+--+ (g = 10 m/s?) 


@52m (©) 433 m ©2.6m @D8.66m 


e A body was projected by an angle @ to the horizontal at initial velocity v; , if 
Vix = Viy = 20 m/s, then v; and O values are «+= and == respectively. 
@ 40 mis , 60° Œ 2072 mis ,45° (©) 40 mis „45° @ 2042 mis ,30° 


® A body was projected at an angle of 30° to the horizontal at initial velocity Vi after 4 s its 
velocity in the vertical dimension was + Vi» 30 the valuc of v; is + (g = 10 m/s?) 
(@)7.5 ms D) 40 m/s ©) 80 m/s (d) 160 m/s 

® A body was projected upwards at an angle to the horizontal at initial velocity v; , if 
Viy = 2 Vix - then the value of 8 is -++ 
@ 30° ®or © 63.43° @36.51° 

G A projectile was projected from the Earth's surface at t = 0 at angle of 45° to the 
horizontal, then returns back to the Earth's surface at t =T, so the graph that represents 


the change in the vertical component of the velocity vy and the horizontal component of 
the velocity v, with time is - + (neglecting the air resistance) 


v 


; ; x 
Yx ¥, v, y, 
- 7 t F t T 1 tT t 
@ ® © 


pen @ 


Ov A bomb fell from a plane flying horizontally with velocity 100 m/s where it was at 
a height of 4 km from a target, then : (g=10 mis?) 


(i) The time taken by the bomb to reach the target equals =+- 
@1sf3s © 1873s ©2y2s @2s42s 
(ii) The horizontal range of the bomb equals 
@ 1765.4 m © 2205 m © 2828.4 m @ 3126.2 m 
(iii) The final velocity of the bomb equals «+--+ + 
@ 150 m/s ®© 300 mis © 400 mis @ 1000 m/s 
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SCC. Essay questions 


0 A student throws his school bag on his bed at an angle 
of 45° to the horizontal as in the opposite figure where 
it passes by point A after leaving the student’s hand 
directly then it passes by point B to reach point C before 
it touches the bed, arrange : 
(a) The horizontal components of the bag’s velocity at 
the points A , B and C. 
(b) The vertical components of the bag’s velocity at the points A , B and C. 
(c) The vertical components of the bag’s bay oy at the points A , B and C. 


ovr The opposite fi igure ‘shows three paths for 
a football that was projected from the ground. 
By neglecting the air resistance, arrange 
the three paths in a descending order 
according to : 
(a) The vertical component of the initial velocity. 
(b) The flight time. 
(c) The horizontal component of the initial velocity. 
(d) The initial neler 


Ow The next figures show three identical projectiles which are projected from the same 
level with the same velocity at the same angle, but they aren’t landing at the same point. 
Arrange the three cases in a descending order according to the final velocity of each 
projectile before landing. Explain your answer. 


sale cls 


(1) 

K4) y ‘The next figure shows the path of a ball that is projected to pass by the windows 1,2 
and 3 while elevating where the windows are identical and at equal vertical distances from 
each other, then if it passes by the windows 4, 5 and 6 while descending where the windows 
are also identical and at equal vertical distances from each other. Arrange the windows (1, 
2 and 3) and also the windows (4, 5 and 6) in a descending order according to : 
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QUESTIONS ON CHAPTER 


\2 LESSON THREE 


(a) The time taken by the ball to pass by cach window. 
(b) The average velocity of the ball while passing by cach window, 


Ks) ad The opposite graph shows the change of the horizontal 
range (R) of a ball that is projected from the ground with initial 
velocity (v;) with the angle (8) by which the ball is projected 
from the ground. Arrange in a descending order the shown 
points on the graph according to : 

(a) The flight time of the ball. 
(b) The velocity at the maximum height reached by the ball. 


lich Problems 


oO An object is projected at initial velocity 20 m/s at an angle of 60° to the horizontal, Find : 
(a) The horizontal component of the object velocity. 
(b) The initial vertical component of the object velocity. 
(c) The vertical component of the object velocity after | second from projection. (g = 10 nvs?) 
(10 ms 17.32 ws. 7.32 m/s) 


K2} A motorbike moved with a velocity of 20 m/s in a direction that makes an angle of 60° 
to the horizontal. 
(a) What is the maximum height reached by the bike ? 
(b) What is the flight time ? 
(c) What is the maximum horizontal range reached by the bike ? 
(knowing that : g = 10 m/s?) (1S m, 3464 5.34.64 m) 


3) An object was projected at an angle of 30° to the horizontal and returns back to 
the ground after 4 s, calculate : 
(a) The initial velocity by which the object was projected. 
(b) The velocity of the object in the horizontal dimension at the instant of projection. 
(c) The maximum height reached by the object. 
(knowing that : g = 10 m/s?) (40 Ws. 34.64 ns, 20 m) 
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© A cannon fires projectiles at an angle of 45° to the horizontal, what is the initial velocity 

required for the projectiles to hit a target 1000 m away from the cannon ? (g = 10 m/s?) 

(100 ms) 

e The opposite graph represents the change in the vym) 

vertical component of the velocity of a projectile 

in the gravitational field of Earth. If the angle of 

projection was 30° to the horizontal, calculate : 

(a) The velocity by which the object was projected. 

(b) The maximum height reached by the object. 

(c) The horizontal range. (g = 10 m/s?) 


C6) Use the data given in the figure to find the projection 

velocity of a cannon ball that is required to hit the ship. 

(g = 10 m/s?) 
(158.11 nvs) 
af 


7) Study the opposite figure that shows the shooting of a projectile 
from a cannon. Then answer the following questions. 


(a) When does the vertical component of the projectile velocity 
equal zero? 
(b) What is the greatest horizontal range of this cannon? 


(c) What is the time taken to reach a target at that range? 


(70.71 s, 100 km, 141.42 s) 


maximum height of 2000 m when projected at an angle of 60° 


to the horizontal? 
(c) If the velocity of the missile at projection is 800 m/s, what is its velocity 10 s later if 
(45°, 230.94 m/s, 701.74 m/s) 


Q An officer adjusts a cannon in a training task. 
(a) What is the angle needed to achieve the greatest horizontal range? 
(b) What is the velocity of the projected missile if it reached 


the cannon makes an angle of 10° to the vertical? 
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oO y By using the opposite figure, calculate : 
(a) The time taken by the ball to reach the ground. 
(b) The horizontal distance (R) covered by the ball. 
(g = 10 m/s?) (4.16 5, 72.05 m) 


Oa person at the roof of a high building has projected a ball at voločiiy 50 m/s. Given that 
the acceleration due to gravity is 10 m/s?, find the velocity and the displacement of the 
ball after 4 s in the following cases : 

(a) The ball has been projected vertically upwards. 
(b) The ball has been projected vertically downwards. 
(c) The ball has been projected upwards at an angle of 60° to the horizontal, 


(d) The ball has been projected horizontally (zero® to the horizontal). 
(10 mis, 120 m, 90 m/s, 280 m, 25.22 mis, 136.7 m, 64.03 m/s, 215.4 m) 


QW A ball was projected horizontally with velocity 4 m/s 

to fall on a metallic surface and rebounds as in the opposite 

figure, by neglecting the air resistance. 

(a) Calculate : 
1- The horizontal component of the ball’s velocity when it hits the metallic surface. 
2- The vertical component of the ball’s velocity when it rebounds from the metallic 

surface. 

(b) Prove that the vertical component of the ball’s velocity when it hits the metallic 
surface equals 6.2 m/s. 

(c) Draw a measurable vector representation for the horizontal and the vertical 
components of the ball’s velocity when it hits the metallic surface, then from the 


drawing determine the velocity of the ball when it hits the metallic surface and the 
(4 Ws, 4,38 mis, 6 ns, 33°) 


angle made by it with the vertical. 
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ey A hose on the ground projects a water current 
upwards at an angle of 40° to the horizontal at 
velocity 20 m/s. Find the height at which water 
hits a wall at 8 m away from the hose. 
(consider : g = 9.8 m/s?) 


ey An athlete projected an arrow horizontally 
towards a target, the arrow reaches the target 
at a point (7.6 cm) under the center of the 
target. If the distance between the athlete and 
the target is 10 m and by neglecting the air 


resistance, calculate : 
(u) The time taken by the arrow to reach the target. 
(b) The initial velocity by which the'arrow was projected. (124.5 x 10°" s, 80.32 m/s) 


@®The table below shows the relation between the vertical velocity of an object projected 
vertically upwards at an angle of 45° to the horizontal and the time of flight in air: 


(«) Plot the graphical relation between (vj) on x-axis and (T) on y-axis. 


(b) From the graph find : 
1- The values of A and B. 
2- The free fall acceleration. 
3- The horizontal component of velocity at a point (A). 
4- The horizontal distance covered by the object at the point (B). 
(30 ws. 10's, = 10 mis? , 30 m/s. 500 m) 
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~ 
0 E First N Choose the correct answer 
o A body is projected vertically upwards to reach the maximum height and then it returns 
back to the point of projection after 10 s. If the air resistance is neglected, then the ratio 


between the velocity of the body at the instant projection and the velocity of the body at 
the instant of hitting the ground is -+ (g = 10 m/s) 


(a) larger than one @less than one ¢) equal to one QD no correct answer 


Qe 
x 
W C23 y If a body starts its motion from rest and it moves with uniform acceleration to reach 


velocity 6 m/s after the third second, then its average velocity in 100 m equal: 


(@6 m/s (©) S0 m/s © 10 ms @ 100 m/s 


range reached by it is 160/3 m , then the angle at which the projectile is projected 
equals ss ‘ 
(@ 15° ®© 30° @ase go 


y ( C3) Vad If the maximum height reached by a projectile is 40 m and the maximum horizontal 
s 


A 


K4) A body starts its motion from rest and moves with uniform acceleration 2 m/s? to cover 
a distance 100 m during == . 
@25s @S5s @©0s @20s 
(53 A projectile is projected with initial velocity of v; at an angle of 30° to the horizontal and 
after 4 s it reaches its maximum height, then the value of vj is == 
@20 m/s 040 m/s © 80 m/s @ 100 mis é 
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@a body falls from the top of a building to reach a velocity 20 m/s at the middle of 
the building, so the height of the building is = 10 m/s?) 


@10m @®20m J @40m 


C7) A body is projected with initial iiid 30 m/s at an angle of 30° to the vertical, so its 
horizontal velocity equals 


@ 15 mis ®© eave ©2042 ms @ 10410 mvs 


Ks% The opposite figure represents the deceleration of a plane a(m/s?) 
from the velocity of 60 m/s, then its velocity after 10 s 
i o t(s) 
$ 1b 1S 20 
(© 30 m/s PF $ 
@ 10 ms 
© When a body is projected vertically upwards, then during its rising 
@ the direction of its velocity and acceleration is upwards. 
© the direction of its velocity iš upwards and the direction of its acceleration is 
downwards. 
© the direction of its velocity and acceleration is downwards. 


@ the direction of its velocity is downwards and the direction of its acceleration is 
upwards. 


@ A ball is projected with initial velocity v; at angle 15° to the horizontal where its 


horizontal range is R, then when it is projected with the same velocity at angle 
it will reach the same horizontal range. 


@ se @® 30° © @75° 
ALCA Answer the following questions 


Or Draw the relation between the velocity and the time that describes the motion of 
a body projected vertically upwards and returns back to its projection point. (assume 
that the direction of the initial velocity is negative direction) 


@®aAsione falls freely from the top of a 100 m building and it passes by a balcony after 4 s 
from the instant of projection. Calculate the height of the balcony from the ground surface. 
(g = 10 m/s?) 
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O The opposite graph shows the relation between 


2 
& +d) during the motion of a car. Calculate 
the acceleration of the car during its motion. 


® Mention the conditions of applying the following equation on the body's motion : 
2 
vp=2ad 


Kis} A body starts its motion from rest and moves in a straight line with acceleration 2 m/s? to 
cover a distance of 100 m, then it moves with acceleration 4 m/s? to cover a distance of 
200 m. Calculate the average velocity of the body. 


RIG} A body is projected horizontally from a certain height with velocity 6 m/s and at the same 
time from the height a body fall freely to hit the ground by velocity 8 m/s. By neglecting 
the air resistance, which one of the two bodies will reach the ground first ? Explain your 
answer. (g = 10 m/s?) 


Ri7) y In the opposite figure : 
( A plane flies at height 500 m from the sea 
with velocity 55 m/s if the plane throws 
a capsule to a person at horizontal distance (x), 
find the value of (x). 
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© We have previously described the motion of bodies by studying the concepts of velocity and A 
acceleration without considering the tauses of motion and in this chapter we will study 
these causes (force). 9 


See E 


> Force : is an extemal influence that affects the object to change its state of motion or direction. 


œ 
a 


>Examples : 
o The force exerted by your muscles helps to pull or push things. 
o The force of the car engine helps the car to start motion. 


Sa. 


The force of brakes acts to stop the moving car. 


v | The friction force created when two objects move one against the other. j n 
A Q) e Invisible forces that work all around us like gravity, electromagnetism and nuclear force, a 
g 
Distinguished Scientists n 9 


Galileo and Newton 

Appreciation to Galileo and Newton for their contribution 
in formulating a reliable theory of motion by the end of 
the seventeenth century where they explored and 


explained motion of bodies and its causes. Galileo Isaac Newton 
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Newton’s Laws of tion 


Newton has developed three laws to explain and interpret the motion of objects when a force or 


a group of forces affect them and we will study below cach one of these laws separately. 


(First | Newton's fistiow s 


© Explanation of Newton's first law : 

1, When a ball is placed on the floor, it remains stationary in its position unless the player acts 
on it and changes its state (It doesn't change its state unless acted upon by an external force). 

2. When the ball is pushed on the floor, it rolls for a certain distance, then slows down till 
it stops by the effect of frictional forces between the bull and the floor that resist rolling 
(friction is an external force that acts to change the object state). 
If these forces do not exist, the ball would keep moving at a uniform velocity in a 
straight line and would not stop. 


cA ~ 


Static object keeps its state of rest A moving object keeps its state of motion at 
unless acted upon by a resultant force. a uniform velocity in a straight line unless 
acted upon by a resultant force. 


i.e. The body needs a force to change its state from rest to motion 
or from motion to rest but it doesn’t need a force to keep its state 


(rest or motion with uniform velocity in a straight line). 


© From the previous we can conclude Newton’s first law of motion as follows : 
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© The mathematical formula that expresses Newton’s first law : 


=F=0 


The symbol (£) is pronounced sigma and means “resultant” 

i.e. If a number of forces act on an object, they may cancel the effect of each other and their 
resultant equals zero. Thus, acceleration (a) = 0 and no change happens in the object's 
velocity either being static or dynamic. 


onnie m” > 


The following figures represent four static bodies, the mass of each is (m) and they are 
affected by several forces as shown in the following figures, which one of these bodies 
remains static ? j 


p F 
PA AR F-—{=}—2F cp whe! 
F 


2F 
2F 
(a) (b) (©) (d) 


Solution 


Clue 
R In order to keep the body at rest, the resultant of forces that act on it should equal zero 
(ZF =0) 
(a) F; =F-F=0 Fy=F 2. F20 
(b) F, =2F-F=F 
(e) Fy =F-F=0 «^. The body remains static. 
(d) F, =2F-2F=0 F n ZFe0 


Ç Test yourself —— 


| If the bodies in the previous example move with uniform vel v, which one of them 
| will remain moving with the same velocity ? 


See 


e Newton's first law is known as the law of inertia. 
© Inertia can be clarified by the following applications : 


The moving object tends to keep its 


state of motion. 


Í The static object tends to keep its state of f 
rest. 


Examples 
SS 
+ Passengers in a vehicle tend to fall 
forwards when the vehicle crashes 


against a barrier. 


1. Passengers in a vehicle tend to fall 
backwards when the vehicle suddenly 
moves forwards. 


2. Fall of a coin into a cup when 
the card is removed rapidly. 


2. The continuity of a fan motion for 
a period of time when the electric 
current is turned off. 


It is the tendency of an object to keep either its state of rest or state of motion at its 
original velocity uniformly in a straight line. 


It is the property of objects to resist the change of its static or dynamic state. 


1. Newton’s first law is known as the law of inertia because the object can’t change its 


state of rest or motion in a straight line by itself. 
2. Seat belt should be fastened on driving to stop inertia during sudden stop and protect 


passengers from being hurt. 
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Technological Application ay 


© Space rockets do not consume fuel to keep moving 
when being out from the Earth's gravity because 
inertia keeps them moving at a uniform velocity 
in a straight line. 


ge Test yourself — 


| Ifa car moves with a uniform velocity and the driver suddenly increases its velocity, in 
{ 
| which direction will the passengers of the car rush ? 


To understand Newton’s third law, we can use the following daily life observations : 


1. When a person that sits on a moving chair, 
pushes the wall (action), the chair moves 
backwards (reaction). 


2. When a bullet is fired (action), the rifle 
recoils backwards (reaction). Because 
of this a soldier should mount the rifle 
back firmly to his shoulder. 

3. When blowing up a balloon and Icaving 
it free, the trapped air pushes out the 
open end (action), causing the balloon 
to move forward (reaction). 


4. When a man jumps from a boat to 
the reef (action), the boat shifts 
backwards (reaction). 
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F, 

From the previous we can conclude that this law is related to two mutual forces between 
two different bodies. If we consider the first force (F) as an action, the second force (F,) is 
considered as a reaction equal in magnitude and opposite in the direction. 


“When an object acts on another object by a force, the second object reacts with an equal 
force on the first object in a direction opposite to that of action”. 


“For every action there is a reaction equal in magnitude and opposite in direction”. 


© The mathematical formula that expresses the Newton's third law: F} =- F, 


(The negative sign indicates that the two forces act in opposite directions). 


Notes : 


1. No single force can exist in the universe because action and reaction are paired forces; 
originate and vanish together. 


2. Although they are equal, it is not a must that action and reaction are at equilibrium 


because the two forces act on different bodies and the equilibrium condition happens 
when the two forces act on the same body. 


3. Action and reaction are of the same type; if the action is a gravitational force, reaction 
is a gravitational force, as well. 


Technological Application : 


e Launching a rocket is based on Newton’s third law of 
motion because a huge amount of burning gases rushes 
down the rocket to generate a reaction that pushes the 


rocket upwards. KF 
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‘Example Li = = 


Study the following figure, then answer the questions below : 


Action (F,) Reaction (F) 


Great acceleration 
-_ 


(a) What is the relation between the force acting on the elephant and that on the man? 
(b) Why are not action on the elephant and reaction on the man at equilibrium? 
Solution b 

(a) The force acting on the elephant = = the force acting on the man, F, =~ F, 

(b) For equilibrium to take place between two forces, they must be equal in magnitude and 
opposite in the direction, having One line of action and acting on the same body. All 
these conditions except the last one may be applied on action and reaction; since the 
action acts on the elephant’s body and the reaction is on another body (the man). 


[Example KAM e | x 
The following figures represent three identical boxes, the weight of each is 20 N, a force of 
10 N acts on each of them, arrange the boxes in an ascending order according to the value 
of the reaction force that acts on the surface of the box. 


10N 10N 


| solution 
Q, Clue 


The box remains touching the surface in the three cases because the acting vertical force 
in the three cases is less than the weight of the box, so E F „= 0 and to obtain the reaction 
force by which the surface acts on the box, we draw a diagram for the force vectors in 
each case and solve the equation £ Fy. =0 

i 
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1 20=F, +10 


F,=20-10=10N 
20 =F, + 10 sin® 


Dee Wena F, =20-10sin@ 


4 20>F,> 10 


~<. Box (a) < Box (b) < Box (¢) 


Q Test yourself S 
} The opposite figure represents three books (x, y, 2) 
| which are placed on a table, what is the value of the 
resultant force that acts on the book (y) ? 
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QUESTIONS ON 
Chapter 3 


Force and Motion 


Multiple choice questions 


o The opposite graph represents the motion 
of a body of mass 10 kg that moves in 
a straight linc, so the acting resultant force 


on the body equals 
@30N ®300N 


©3N @o 


© The opposite figure represents the motion of a body that 
is affected by three forces F} , F} and F} where the direction 
of cach F} and F, is opposite to the direction of F3 . so 
which of the following equations is’correct ? -= « 


@F =F; +F, 


©F, =F, +F; 
Othe following figures represent a body that moves with velocity (v) under the effect of 
two equal forces in magnitude F} and F, , in which of the following figures the velocity 


of the body doesn’t change in magnitude and direction ? «+ 


Motion 
direction 
p 


© The opposite graph represents the relation between 
the resultant force acting on a body and the time, 
so the time interval in which the body moves with 


uniform velocity is ==- + 


@AB 
©cp 
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®Bc 
@DE 


@ Y In the opposite figure, there are three spring 
balances that are in equilibrium state if the reading of 
each of the first and the second balance is 100 N, so 
the reading of the third balance is «+ + 


@o0 ®25N 
©50N @100N 


oe The continuity of rotation of the clectric fan for a period of time although the clectric 
current is turned off is due to ===- + 
@ inertia ®© the heavy mass of the fan blades 
© the stored amount of electric current @ the equilibrium of the acting forces 


Q In which of the following figures, the two forces F, and F, may be in equilibrium ? 
(knowing that : F; = F3) 


© © 


Q When blowing up a balloon and leaving it free, the balloon moves «+--+ 
@ in the direction of the air rush 
© in a direction right to the direction of the air rush 
© in the opposite direction of the air rush 
@ in a direction left to the direction of the air rush 


© 1f the body (x) acts on the body (y) by a force of 9 N, then the reaction force of 
the body (y) equals 


@I1N ©o0 @9N 
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© Which of the following graphs represents the relation between the valuc of the action force 
(F,) and the value of the reaction force (F3) when drawn by the same drawing scale ? -++ 


Fy F; Fy Fy 


Essay questions 


0 Can a body be in a state of equilibrium when it is affected by a single force ? Explain. 


2) When you are inside a plane in the night in a quiet weather, you do not feel its motion 
although its velocity may be 800 km/h. Explain. 


C3) Explain the following sentences : 

(1) The bicycle continues to move for a while after stopping the paddling. 

(2) Newton's first law is known as the law of inertia. 

(3) The falling of passengers backwards if the car suddenly moves forwards. 

(4) + Passengers in a bus fall forwards when it stops suddenly. 
* Motorcycle rider flies off the motorcycle when it hits an obstacle. 

(5) A space rocket does not need to consume fuel after being moved away from 
the Earth's gravity. 

(6) The soldier mounts the back of the rifle into hi: 


C4) In which of the following cases the body : 
(1) is static. (2) moves with uniform velocity. 


(c) 


OY The opposite figure represents a box which is sliding 
with uniform velocity on a frictionless surface under the 
effect of two forces, if we want to reduce the angle (0) 
without changing the value of force F, what is the change 
that we could make on the magnitude of force (F3) to slide 
down the box with the same velocity ? 
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Q From the opposite figure : 
What is the physical property upon which the magician 
depends in doing his trick when he withdraws the mattress 
by keeping the cups on table ? 


@ In the opposite figure what happens when the card is 
removed suddenly (rapidly) ? And why ? 


oe Explain why car manufacturing companies have added safety belts to each car. 


Q If a train suddenly moved forwards, to which direction would a bag that is placed 
beneath a chair move? And why ? 


a 


® An astronaut projected a small object in a certain direction. What would happen to 
the astronaut as a response to his action ? Accordingly, suggest a method to change 
the direction of a spaceship outside the atmosphere. 


——— = 


@® Mention the action and the reaction forces in each of the following cases : 
(1) A man moves in the street. 
(2) A ball is thrown at the back of a girl. 
(3) A goal keeper catches the football. 
(4) A window is closed due to the wind blowing. 


er In the opposite figure. a force (F) acts on a body of 
weight (w) which is placed on a surface, mention two 
methods to increase the reaction force that acts on the 
body by the surface. 
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MODEL EXAM ON 
Chapter 3 


Cre 


$ 


ER Choose the correct answer 7 A 


© If the Earth affects you by a force 600 N. So your body affect the Earth by a gravitational D) 


Bz 


© A car moves on the highway with uniform velocity 


——— P 
of 120 km/h under the effect of pushing force (F,) = > 
2 


as well as the frictional force (F3), $0 +--+ + 

@F, =F, @F,sF, 

@©F,2=F, @ we can’t define the answer 
200 R 
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9 é force of magnitude -+++ . @ ‘ 
@ zero © less than 600 N y 
ie © 600N @ more than 600 N M 
he © if the resultant force acting ona moving body vanished, it means that its =-=- vanished. k 4 
W @ mass ®© velocity © acceleration @ displacement E 
) K) The graph which fepresents Newton's first law is s ` EE 
i ; " y uy 
| $ n` 
x kN iy a 
— | — =t — —el -t 7 
9 @ © © @ R 
il j 
el 
Le 
C 
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e In the opposite figure three forces act on a body. If the body 
moves at constant velocity then the angle 6 pa 
@ 30° 
© 598° 


oe Which of the following statements doesn’t apply on the action and reaction forces 
@) Action force = Reaction force 
© Action force is opposite to reaction force 
© Action force and reaction force are acting on the same body 
@ Action force and reaction force are acting on two different bodies 


C7) Aship moves towards the south with uniform velocity of 3 m/s in a straight line when 
the resultant force on the ship is -= - (g = 10 m/s?) 
(@) towards the north (6) towards the south 
© equal to 30 N @ equal to zero 


Q A static book is placed on a table by a force downwards, so the reaction force for this 
force is seee: + . 
(a) the force of the Earth on the book ®© the force of the table on the book 
© the force of the Ea Earth on the table (O the fi force of the book on the Earth 


O Ifa force F} is s applied so a reaction force Fz ted, the angle between F} and Fy 
equals «++ 
@ 60° © 90° 

® A metallic ball of mass 50 g was dropped into a liquid. If the ball dives in the liquid 
at a constant velocity of 6 m/s, the force of resistance that is produced by the liquid 
on the ball during it motion equals -+--+ + (g = 10 m/s?) 
@6N ®03N @©O05N @ 0.083 N 


ith Answer the following questions 


®© Can the reaction force be vertical and its direction be downwards ? 
If your answer is yes, give an example and if it is no, give reasons. 


12) From your previous study for Newton's third law, suggest a method for a spacecraft to 
change its direction outside the atmospheric envelope. 
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© A truck moves on a highway with velocity (v) and carries a free moving box which is 
affected by its frictional force with the car only, what will happen to the box if the driver 
applies the brakes ? 


Oy In the opposite figure, a force (F) affects a body which 
is placed on a surface, mention two methods to increase 
the reaction force which acts on the body by the surface. 


© In the opposite figure a box of mass 8 kg is 
fixed on a ramp of angle 30°. 
Calculate the reaction force (F,). (where : g = 10 mis?) 


@® Which of the following cases represents : 
(1) a static body. (2) a moving body with uniform velocity. 


(a) (b) tc) (d) 


ov A person pulls a box on a horizontal surface by a force 10 N, arrange in a descending 
order the following cases shown on the figures according to the value of the reaction 
force that is acting on the box by the surface. 


10N 


10N 
mm -E Eza 
(2) 68) 


a) 


EE sy ly ole Ayl easy Yy pale lgl giga ald aall io 


Accumula tive) amon Units 1 &2 


Y 
oS EER Choose the correct answer 


© if the dimensional formula of Xi is M~'L?7 and the dimensional formula of Y 9 
is M°LAT? , then the dimensional formula of (2X ~ Y) is =- ` @ 


@M“tr° ©M'LT © MILT? @ undefined ) 
@ fine density of a body is (100 + 10) kg/m? and its volume is (30 + 3) m? , then its mass N 1 
z equals === «(knowing that : Density = oee \ 
W @ (3000 + 600) kg (© (130 +600) kg © (3000 +30)kg @) (130 + 30) kg x é 
© From the opposite figure : Y 
9) The resultant of the three forces acting | 7 
s on the body is =e 4 | J 
( @F ®Y3F ©5.13 F @6F =i 
mm a 
©: A train is moving in a straight railway where it covered one third of the distance with 
À a speed of 25 km/h and the remaining distance was covered by a speed of 75 km/h, 
so the average speed of this train is « km/h. 
@30 ®4s ©s50 @6s 


j 
( © if the acceleration and the velocity of a body have different directions , then =- . 


JÈ e @ the instantaneous velocity equals the average velocity 
e ©® the velocity of the body increases with time 
N ) the velocity of the body decreases with time 
6s @ the displacement vanishes 203 


© An object moves from point x to point y in 20 s , where the velocity at x = 50 km/h and 
the velocity at y = 5.56 m/s, so the acceleration of this object is «+--+ . 


@ 15 kmh? ®-15kmh? ©2kmh? @-2 kmh? 


Q If a stone was thrown at velocity 96 m/s into a well to reach the bottom 3 s later, then 
the well depth is + + (g =9.8 m/s?) 


@2209m © 332.1 m © 300.4 m @ 426.2 m 


© Two identical projectiles were projected at 200 km/h , the 1°* at an angle 60° to 
the horizontal while the 24 one is at angle of 60° to the vertical. Which projectile 
reaches a greater horizontal range ? ~+- . 
@ The 1* one © The 2" one 
© They have equal range @ Not enough information to indicate which one 


o If the resultant force acting on a moving body vanishes, this means that its vanishes. 
@ mass © velocity © acceleration @ all of the previous 


® The idea of launching a rocket is based on the law of + 
@ inertia (® reaction © motion @ conservation of energy 


Hh Answer the following questions 


` ®© Calculate the absolute error in measuring the velocity of a body, if the relative error in 
measuring it is 0.06 and the actual value of the velocity is 30 m/s. 


@ If a body moves along the circumference of a circle, calculate the distance and 
the displacement covered by the body when it completes 1.75 revolutions if the radius 
of the circle is 2 m. 


ACCUMULATIVE EXAM ON UNITS 
ACCUMULATE DAMON UMTS. 4,9 


Ae 


® A body moves with uniform velocity of 4 m/s for 8 s , then it moves with uniform 
acceleration of 4 m/s? for 6 s , calculate the total distance covered by the body. 


®© A train is moving with velocity 72 km/h. Calculate the time required to reach a velocity 
of 13 km/h , if the train is moving at deceleration of 2 ms. 


The opposite diagram illustrates two moving objects. 
According to the graph: * 
(a) Which object has started motion from rest ? 
(b) Which object has greater acceleration ? 


O A body falls from a tower so that it takes 6 s to reach the bottom , find : 
(a) The height of the tower. 
(b) The velocity at the bottom. (g = 10 m/s?) 


Oa projectile was projected from the ground at a velocity of 20 m/s and at an angle of 65° 
to the horizontal. Calculate the time taken by the projectile to the reach the ground. 
(g = 10 m/s?) 
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Model Exam 


Multiple choice questions 


@ The opposite graph represents the relation between 
the displacement (d) and the time (t) for a car that 
moves in a straight line, so in which period the 
velocity of the car is greatest ? 

@) Period AB 
@® Period BC 
© Period CD 
@ Period DE 


A man stands on the edge of a rocky cliff that overlooks a lake. He projects two 
identical balls A and B with the same velocity. If A is projected upwards and B is 
projected downwards, so which of them will reach the water's surface at higher 
velocity ? sesno. + 

@ The ball A 

©) The ball B 

© Both of them reach the water’s surface with the same velocity 


© No correct answer 


s micrometer 


(OLY © (OLY 


© An airport runway is designed for a particular type of airplanes, if the speed of the 
airplane should reach at least 126 km/h before taking off and it was moving with 
acceleration 3.5 m/s?, so the length of the airport runway should be at least... 


@ 125m ®© 150m ©175m @225m 
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(5) When a horse pulls a cart, the force which causes the movement of the horse forward 
Bnei : 


a force by which the horse affects the cart 
(b) the force by which the cart affects the horse 
©)the force by which the Earth affects the cart 
@the force by which the Earth affects the horse 


O The opposite figure represents two vectors X.Y 
from the same type, which of the following vectors 
represents the resultant vector C —_it__ 
(where: C=X +Y)? ef 


> ee 


@ A body is projected with velocity v) at angle 30° to the horizontal and has a horizontal 
range of 50 m, if the body is projected with the same velocity and at angle 60° to the 
horizontal, so its horizontal range will be ... 


@25m (6) 43m “© 50m @ 100 m 


(s) W The opposite graph represents the change in the velocity (v) v 
of a body that moves in a straight line with the time (t), which 
graph of the following graphs represents the at in the 
acceleration (a) of this body with the time (t) 7... t: 


V N 
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the quantity (y) is ML“! , so the dimensional formula of the quantity (z) that verifies 


the equation : x =] 2 is wees ë 


y 
@wsir" mMer? O©MLT @©mer 


moves 30 km towards the east during 0.5 h, so the average velocity of the car 
equals .... 


to the horizontal greater than the angle by which the ball (B) was projected. If the 
maximum height reached by.the two balls is the same, which of them has the larger 
time of flight? Explain your answer. 


Start 
®© The opposite figure represents the path of a moving 
body, calculate the value of the total displacement 
covered by the body ? 
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When does the direction of the body's acceleration by which the body moves be 
opposite to the direction of its motion? 


is 95 m which begins its motion from the rest by a uniform acceleration, if the speed of 
the front of the train when it passes by the worker is 25 m/s, what is the speed of the 
back of the train when it passes by the worker ? 


The radius of a circle is measured and it was found to be (10.5 + 0.2) m, calculate 
the area of the circle. (knowing that : the area of the circle = mtr") 


ad A ball is projected vertically downwards with velocity (v) from a height of 4 m, then 
it reached the Earth's surface during a time that equals half the time taken by it when it 
is left to fall freely from the same height, calculate the value of (v). (g = 10 m/s?) 
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acceleration equal ..........-. piarsa respectively. 
@)40 ms ,- 2 m/s? 2 mis ,- 40 mis? 
©20 mis ,— 1 mis? @40 mis ,- 4 mis? 


have equal angles between them, which of the following figures kopten Aie ices 
that act on the body 7... maid 


© © © © 


Ownich of the following figures represents a body that starts its motion with initial velocity 
that doesn’t equal to zero and moves with a uniform positive acceleration ? .. 


VZV 


(3) 
Suet (1) only Figure (2) only 
(©Figures (1) and (2) @Figures (3) and (4) 


11) 
zy 
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(s] If the dimensional formula of the physical quantity (A) is M* LT~ and the dimensional 
formula of the physical quantity (B) is M? LT~?, so the dimensional formula of the 
quantity (4 A — 2 B) is ............ n 

OMT © ‘i? 

© MLT? © has no physical meaning 


(6) Acar moves with velocity 30 m/s, its driver applies the brakes and the car is affected by 
a negative acceleration of 6 m/s”, so the ratio between the velocity of the car after 
a period of 1 s to its velocity after a period of 2 s is . 


©} ©} 


1 2 3 4 5 
aB_ _ ae. ap 
ap ab as a 
2 3 


4 5 


i - 
Y ap 
1 
Which of the following statements correctly describe the motion of the two cars ? ........... s 


@) The two cars move with non-uniform velocity 

© The car (X) moves with uniform velocity, while the car (Y) moves with uniform 
acceleration 

© The car (X) moves with negative uniform acceleration, while car (Y) moves with 
uniform velocity 

© The car (X) moves with uniform positive acceleration, while the car (Y) moves with 
uniform velocity 


y A body is projected upwards at angle (0) to the horizontal, if the horizontal range 
reached by the body equals the maximum vertical height reached by it, then the value 


Ow 


O] A group of students measure the velocity of a moving body, which of these measurements 
is more accurate ? „sses + 


@®G50#20) m/s (6) (340#15)mvs (© G35+10)ms (d)(320 + 10) m/s 


@ A train was moving with uniform velocity of 108 km/h and when the driver applies the 
brakes, the train stops after 15 s, so the uniform acceleration by which the train moves 
from the moment of using the brakes is 


@-2 ms? (@)-1.2 ms? ©-04 ms? @-72 w? 


~ETI Answer the following questions 


(@ A ba is projected vertically upwards where it took 3 s to reach the maximum height, 
calculate the maximum height reached by the ball. (g = 10 m/s*) 


for 40 s then he completes his motion in the same direction to cover a distance of 0.5 km, 
so what is the position of the man away from the building ? 


velocity which equals 90 km/h, if the distance between them is 8.5 km, when will 
the two trucks meet ? 
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“If a body moves with uniform velocity, its acceleration equals zero”. Explain. 


g The image illustrates a player in a boat race : 

(a) Extract a pair of forces in this situation that represents 
action and reaction. 

(b) Show how the boat can reach a greater speed. 


y Vector A has vertical and horizontal components 3.2 and 1.6 respectively and vector 
B has vertical and horizontal components 0.5 and 4.5 respectively, find the angle 
between the two vectors A and B. * 


a tennis player that hits a ball 

horizontally at a height of 2.5 m 

from the ground, 

calculate : (g = 10 m/s”) 

(a) The speed of projecting the ball that makes it barely exceed the net that rises 0.9 m 
from the surface of the ground which is located away from the player a horizontal 
distance of 15 m. 

(b) The horizontal range of the ball if it is projected by its velocity in (a). 
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Model Exam 3 


Multiple choice questions 


@ wa boat moves towards the east with velocity of 20 m/s, then it is affected by 
acceleration towards the west of 4 m/s”, so its displacement after 15 s from the 
moment at which the boat starts to acquire the acceleration, equals ........... 
@3s0 m towards the cast. (©) 300 m towards the west. 
©750 m towards the east, @) 150 m towards the west. 


the angle between the two vectors i: 
@7s° oor 
(3) A bullet moves with velocity 220 m/s to hit a tree and penetrates it a distance of 4.33 cm 
until it stops, so the average acceleration of the bullet inside the tree is 
@-5.59 x 10° mis? @)=3.14 x 10% mis? 
© -5.59 x 10° ms? @-2.54 x 10 ms? 


the velocity of a body that starts its motion from 
the rest and its time of motion, then the total 
displacement covered by the body through 45 s 
equals usss + 


@) 300m 


© wa man starts his motion from the rest and moves in a straight line with uniform 
acceleration, if his average velocity during 20 s is 2 m/s, then his instantaneous velocity 
after 25 s from his starting point is ............ š 


@)25 ms ©s5 ms ©75 ms @10 ms 


(1.95 + 0.05) m, so the second student is longer than the first student by ... 
®© @.75 £0.05) m ® G75 £0.1)m 
© @.15 £0.1)m @ 0.15 £0.05) m 


A body falls freely from the top of a building and reached the ground after time (T), if 
the resistance of air is neglected, which of the following figures represents the change 
of its velocity with time ?..........00 


(© A student carries a ball in her hand if the force that acts on the ball by the Earth is 
the action force, so the reaction force is the force that acts on .. 


@ the Earth by the ball. © the hand by the ball. 
© the ball by the hand. @ the hand by the Earth. 


© From the opposite diagram, which of the following 


EEE 3g ole yes al Al äp ald asl! fia D . 


reaches (v) then it continues its motion with uniform velocity for a period before the 
driver applies the brakes to decrease its velocity uniformly till it stops, which of the 
following graphs describes the motion of the car accurately ? ........00 » 


Sic Answer the following questions 


and 2 v respectively then they fall from the surface of the table at the same time, which of 
them will hit the ground first ? 


(3) Two boxes are dropped from a balloon, the first one is dropped 
5 when the distance between the balloon and the Earth’s surface 


was (H) and the second one when the distance was (4 H), 
calculate the ratio between the time taken by the box to reach 
the Earth’s surface in the second case and the time taken by it 


in the first case. 
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@ Two cars move on a desert road as in 
figure (1) and after 5 s the two cars 
became adjacent at the second light 
pole as in figure (2), if the distance 
between cach two successive light 
poles is 70 m, what is the average 
velocity of the two cars A and B 
during the first five seconds shown 
in the two figures. 


Figure (2) 


horizontal range is 240 m and its maximum height is 45 m, calculate the value of (0). 
(g = 10 mis?) 
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In an experiment to find the velocity of sound in the air by using closed tubes, if you 
know that the relation between the frequency of the sound wave in the tube (f) and 
the length of tube (Ó) is f= + vl" by neglecting the effect of the radius of the tube, 
find the value of the constant (n) using the dimensional formula knowing that 

the frequency is measured in hertz (hz = s~’). 


Figure (2) 
(a) Explain why the tension force in each rope is 100 N in figure (1) ? 
(b) Choose : 


In figure (2) : What happens to the tension force (F) in each rope ? .. 4 
@) Remains 100 N ® More than 100 N © Less than 100 N 
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@ When the density of a liquid is measured by a hydrometer, it is found to be (10° + 1) kg/m>. 
VP Soy sesssstesee « 


the following graphs represents the change of the body’s vertical velocity with the 
time till it reaches the ground again ?............ . (neglect the air resistance) 


re YE 


© The motion of the Moon in its path around the Earth when it is observed during a whole 
night is considered wee MOON ÎN A ssssssssssse « 


® periodic, straight line ® vibrational, curved path 
© translational, straight line 


© translational, curved path 


@ The most accurate tool for measuring the time taken by an object to fall from the top of 
|| a building is 


motion of a car, so the (acceleration - time) graph 
that represents the motion of the car 


t(s) 


a(m/s?) a(m/s?) a(m/s?) a(m/s?) 


= her i E a 
® © © 


© wa ball is projected horizontally with velocity v from the roof of a building and at 
| the same time another ball falls freely from the same height. Neglecting the air resistance, 
which of the following statements is right ? .......-.++ é 
(@) The first ball reaches the ground first 
(©) The second ball reaches the ground first 
| ©The two balls reach the ground at the same time, where the velocity of the first ball 
| is greater than that of the second ball 
| @The two balls reach the ground at the same time, where the velocity of the second 
| ball is greater than that of the first ball 


and Y which have masses of m and 4 m respectively. If the 
body X acts on the body Y during the collision by force F, 
then the body Y acts on the body X by force ........... + 


© , ©} 


© Assume that the displacement (d) of a body is related with time (t) as in the given 
] relation : d= ct? 
Find the dimensional formula of c. 


@ A football player kicks a ball from the ground with velocity 18 m/s at an angle of 35° to 
the horizontal, calculate the time taken by the ball to reach the ground again. = =10 m/s?) 


®© A car covered a distance of 20 km in the west direction during 0.5 h, then it changes its 
| direction to cover 20 km in the east direction during 0.5 h. Calculate the average speed 
of the car during its journey. 


@ The displacement covered by a body was measured to be (6 + 0.05) m and the time 
taken by the body to cover this displacement was measured to be (10 + 0.1) s, calculate 
the velocity of the body. 


Arock falls freely from the top of a building of height 122.5 m. If the free fall acceleration 
equals 9.8 m/s’, calculate the rock’s velocity before it reaches the ground by one second. 


Using the opposite figure, which of the 
following vectors are equal and which of 
them are unequal ? . g 


(a) The two vectors A and E 
(b) The two vectors A and 
(c) The two vectors G and F 
(d) The two vectors E and D 


y A stone is projected vertically upwards with velocity 18 m/s from the ground. 
When will it reach a height of 11 m : (g = 10 mis?) 
(a) during its ascending. (b) during its descending. 
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Model Exam | 9 


Multiple choice questions 


© The body is in equilibrium when............ « 

‘] © the resultant of the forces that acts on it equals zero 
Oit is static 
© it is moving with constant velocity in a straight line 
@an the previous 


displacement after time of 2 s and its displacement after time of 3 s is .... 
(neglecting the air resistance) 


@1:2:3 @1:2:4 ©1:3:5 


(@ The opposite ‘graph shows the (a- $) curve 
for a car, so the acceleration equals ........... ` 
®© 6 m/s? 

®2ms* 

©1.5 ms? 

© 3 m/s? 


A boy projects a rock at angle to the horizontal, which graph of the following graphs 
represents the motion of the rock from the point of projection till it reaches the ground ? 
ern . (neglecting the air resistance) 
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(© A body moves in a straight line where its displacement (x) changes with time (t) according 
to this relation : x = Bt + CÊ then „s.s... à 


The dimensional The dimensional 
formula of B |  formulaofC 


( © A stone is projected vertically upwards from the ground to reach its maximum height h 
after time of 3 s, so the value Of h i$ sss.. « (g = 10 ms?) 


@®oom (OLT @1sm 


@ A racer accelerates his car from rest to 180 km/h during 4 s , so it will cover 
adisplacement of during 3 s. 


@180m @®i2m 


© If the meter equals 3.281 feet, then the volume of a cube of side length 1.5 feet is ............ + 


@®1192 m? 
@96 x 107 m? 


O If the Earth acts on you when you are moving by 600 N, then your body acts on the Earth 
by force of ise 


Ozo 


(10) The most accurate measurement of the motion time of a body from the following, 
( ‘] measurements is ... ma 
@G £05) ms ®G2+#05)ms 
©@5 #0.025) ms @ 25 +0.25) ms 
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Can the motion of a car be in the east direction, if the car is affected by an acceleration 
in the west direction at the same time ? Explain your answer. 


so the car's velocity decreases till it reaches 30 m/s during a distance of 160 m. If the 
deceleration of the car was uniform, calculate the distance covered by the car from the 
instant of applying the brakes till it stops. 


was 2 % and the percentage of error in measuring its side length was 0.5 %. Calculate 
Mass ) 


the percentage of error in calculating its density. (knowing that : Density = Volume 


226 
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@ \ The opposite graph shows the change of the 
vertical component of the velocity of a body that 
is projected at an angle of 37°to the horizontal 
with the time, calculate : 
(2) The horizontal range of the body. 
(b) The velocity of the body at height of 15 m 
during its descending. 


@ tre Opposite graph shows the relation between the 
displacement covered by a runner and the time taken 
by him. Calculate the average velocity of the runner 
during the following time intervals : 


(a) From t= 0 tot = 10 minutes 
(b) From t = 10 to t = 20 minutes 


27 
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oar, Multiple choice questions 


@ A bicycle is moving with a positive uniform acceleration of 3 m/s’, if it started motion 
with an initial velocity of 5 m/s, then after a displacement of 12.5 m its velocity 


becomes .........++ . \ 
@2mis O8 ms © 10 ms @ 12 ms Ñ 


Dar oc 
nee 


© 


@ The dimensions of a metallic medal is measured and found to be 22.3 mm, 4.35 mm in 
and 12.7 mm, which of the following tools is used to measure them ? . Ki 4, 
@ Aplastic ruler © The standard meter 
© The meter tape @The vernier caliper \a 


7 
© Y An object started motion from rest at a uniform acceleration, if its average velocity — ® 


within time t was 5 m/s, then within time 3 t its velocity becomes „~.s... - @ ; 
®© 5 ms ®© 15 ms © 25 ms @ 35 mis 
£ ; 
{ © Which of the following figures represents the resultant vector C for the vectors 


K and B ? veces À ye 


BM we GUAGE 


v | A A A ) 
AG) w @) O @) AN 
Figures (1) and (2) © Figures (3) and (4) a 
© Figures (1) and (4) @ Figures (2) and (3) | 
£ 
(5) An object is moving in a straight line according to the relation : v,=¥ 49 + 6d , then PA 
iG the object is moving with acceleration of .... es 
@2ms3* @©Y6 mis? "Osme @6 ms? N 
S4 4 
l 
Gs 
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and affected by a resistance force given by the relation F = Krv where K is constant, 
then the measuring unit of K is ... 


® kg.m?.s! ®© kgm?s 


graph for an object of mass 2 kg, so the resultant 
force acting ON it iS... = 


®© 10N 
©102N 


(© The opposite figure illustrates an object that slides on 

an inclined smooth surface, which of the following 

statements describes the objects motion 

correctly ?.... 5 

® Both velocity and acceleration increase 

O The velocity increases but the acceleration remains constant 
© The velocity remains constant and the acceleration equals zero 
© Both the velocity and the acceleration are constant 


© An object is projected vertically upwards, so its velocity at a vertical height of. a 
was 18 m/s where h is the maximum height reached by the object, then the value of h 
(g = 10 nvs?) 


©1sm @75m 
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®© 
| 
| 
l 


Which of the following figures represents the movement of the passengers in the two 
buses at the moment of collision ? ..... 


between the displacement (d) which is made by 
an object that is moving in a circular path from 

a point on its path and the distance covered by 

it (s). Calculate the diameter of the circular path. 


What are the velocity and acceleration of a projectile that is projected upwards with 
velocity vy, atan angle 8 to the horizontal when it reaches its maximum height ? 


®© Acar is moving with a speed of 88 km/h behind a truck that is moving with 


a velocity of 75 km/h and at a distance of 110 m from the car. Calculate the time 
required by the car to reach the truck. 


the first two hours and 80 km through the third hour, calculate the average velocity 
of the car during this trip. 


covered distance within the second second and the covered distance within the third 
second for a free falling body is (1 : 3 : 5) respectively considering the air resistance 
is negligible. 


at a height of 0.8 from the ground, calculate : 


(a) The distance between the impact point of the ball with the ground and the edge of 
the table. 


(b) The speed of impact of the ball with the ground. (g =10 m/s?) 


and makes a displacement (d) in time (t). If d = (200 + 0.5) m and t = (20 £0.5) s, 
calculate the acceleration of the object. 
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(2) If an object is projected with a velocity v; at an angle @ to the horizontal, then its 
horizontal range when it comes back to the same projection plane can be calculated 
from the relation : ............ 

_ ~vjsin @ cos 0 Grane? 


@R= 2g g 


=2 v, sin @ cos 8 = 2 v?sin 0 cos @ 
or Ors HMI 


The projectiles motion is considered a motion in two dimensions, one is horizontal 

and the other is vertical, which of the following statements can describe the projectile’s 

motion correctly ? ... iin 

@The speed in the horizontal dimension is variable and the acceleration in the vertical 
dimension is variable 

@The speed in the horizontal dimension is constant and the acceleration in the vertical 
dimension is variable 

©The speed in the horizontal dimension is variable and the acceleration in the vertical 
dimension is constant 

@The speed in the horizontal dimension is constant and the acceleration in the vertical 
dimension is constant 


sn 
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so the net force acting on the box is ............ . 


@®o ®4on 


an object started its motion from rest with a uniform 
acceleration, so the acceleration of its motion is ............ ` 
@5 mis? ®10ms? 

©40 mis? @25 mis? 


tunnel of length 1.3 km with a speed of 3 m/s, so the required time for the entire train to 
get out from the tunnel is .......:.... + 


@300s 


by two perpendicular forces F, and F,, so their 
resultant force (F) is ... x 

@equal to F, +F, 

less than F, +F, 

© greater than F, + F, 

@®equal to F, -F, 


(3) If the two physical quantities A and B have different dimensional formula, which of 
the following mathematical operations has a physical meaning ? ............ 


@A+B @a-B ©a-4 @as 


© A man at rest started his motion in a straight line till his velocity reached 4 m/s within 
a time of 8 s, so the acceleration of his motion equals ............ « 


@05 ms? (OLL ©2 ms? 
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A student measured the dimensions of a garden of area 200 m?, if the relative error in 
measuring this area was 0.05, then the absolute error for that measurement is 


@5m* © 10m? © 15 m? @ 20 m? 


Siem Answer the following questions 


In the opposite figure a man moved from point A 

to point B within 10 s, then from B to C within 6 s, 
then from C to D within 14 s, what is the velocity by 
which he moved from point A to point D ? 


Acar driver saw a child in the middle of the road at a distance of 25 m from his car 
which was moving with a speed of 12 m/s. He used the brakes after a response time of 
0.5 s, so the car is decelerated at 6 m/s” till it stopped. Does the car hit the child or not ? 
Explain your answer. 


The light year is the distance covered by light within a year on Earth in a speed of 
2.98 x 10° m/s. How many meters in the light year ? 
(where the year on Earth = 365.25 days) 


EE sy ly ole Ayl Tau Yy pale ty Sal aged ald haai (io 


@ Wan object is projected horizontally from the top of a building and falls down at 
a distance d from the base of the building within a time t, if d = (50 + 0.2) m and 


@® A ball is projected vertically upwards from the surface of Earth and passed a person 
standing in a window at height of 28 m from the surface of Earth with a speed of 13 m/s, 
Calculate : 


(a) The initial velocity of the ball. 


® The opposite figure represents the (displacement - time) 
graph for a runner moving in a straight line with a uniform 
velocity. Draw the (displacement - time) graph for the 
runner if he moved with a uniform velocity of double 

his previous velocity in the same direction within the 


© An object moves according to the relation : v, = 10 t, calculate each of its initial 
velocity and acceleration. 
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Multiple choice questions 


@ ‘The time taken by a car that moves in a straight line with acceleration 2 m/s? so that its 
speed changes by 10 m/s is .........0+ + 


@oss @®2s ©ss (OL 


(2) An object moved in a straight line a distance of 100 m with a velocity of 10 m/s, then 
it moved on the same line a distance of 200 m with a velocity of 5 m/s, so its average 
velocity through the whole trip equals ............ A 


@75 ms © 6ms © 8ms @30 ms 


(3) ad The opposite figure represents the 
(displacement - time) graph for an object that 
moves in a straight line within 6 secénds, so the 
slope of the dashed straight line AB is ............ + 
© greater than the average velocity of 

the object within 6 seconds. 
® less than the average velocity of the object 
within 6 seconds. 
© less than the instantancous velocity of 
the object at the sixth second. 
@ equal to the instantaneous velocity of 
the object at the sixth second. 


(© The opposite figure illustrates three vectors 
K.L and N, which of the following equations 
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(© The opposite figure illustrates the (velocity - time) 
graph for an object, so its total displacement ...........+ a 


@) 120m 
(OLS 
©90m 
om 


the resultant force acting on the car is ..... 


@ 12000 N @)1200N | 


4, so he is expecting to cover 30 m from rest within a time Of»... + 


@i2s @®3.14s ©2.19s 


12 ms to 18 m/s within 3 s while the speed of B increases from 10 m/s to 25 m/s within 
10 s. Which of the following statements is correct ? ............ 

@ Displacement of A within 3 s < Displacement of B within 10 s 

© Acceleration of B is double the acceleration of A 

© Acceleration of A is double the acceleration of B 

@ Average velocity of A within 3 s > Average velocity of B within 10 s 


237 


EE sy ly ole Agy aug Y pala ty ald ged ald Laali 10 | 


their vector product equals 2043 units, thus the confined angle between the two vectors 
equals „n.s... . 


(ORG © w° ©ase @15° 


Ec Answer the following questions 


of Earth with a speed of 3.5 m/s. Calculate the horizontal range of the tiger’s motion. 
(g= 10 m/s?) 


(@) If x = (5 +0.1) cm and Y = (7 £0.2) cm, calculate Y - X. 


on 
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above the horizontal equals three times the maximum vertical height that can be 
reached by it, calculate the value of the projection angle. 


viscosity coefficient 1) is given by the relation F = 6 7 y) rv where v is the uniform 
velocity of the ball, find the measuring unit of the viscosity coefficient 1). 


during its rise vertically upwards with a uniform velocity of 8.76 m/s, calculate the 
distance between the box and the helicopter after a period of 3.05 s from the moment of 
its falling. (g =9.8 m/s?) 


2 
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© A ball of radius 1.7 cm, so its surface area equals ............ ” 
(knowing that : The surface area of the ball = 4 7t r°) 


®© 2.1 x 10% m? @©9.1 x 10° m? 
© 3.66 x 107 m? © o.n m? 


Two balls A and B are projected vertically upwards from the same level such that the 
initial velocity of the ball A was double that of the ball B, so the maximum height 
reached by ball A is „sss + 

©@ half the maximum height reached by ball B 

©® double the maximum height reached by ball B 

© four times the maximum height reached by ball B 

@ eight times the maximum height reached by ball B 


the displacement (d) and the time (t) for an object 
that moves in a straight line, which of the following 
statements is correct ? ... 
©@ The object is at rest during the period BC 
(O) The velocity of the object increases uniformly 
within the period AB 
©The acceleration of the object within the period AB is positive 
@ The acceleration of the object within the period BC is negative 


@ IFA =(2 £0.01) mand B = (80 + 2) cm, then the value of (A + B) equals „.......... : 
@ 0.2 £2.01) m , ®© @2£201)m 
©@s+#201)m @ (28 £0.03) m 
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® the resultant velocity of the ball equals zero and its acceleration equals zero 
® the resultant velocity of the ball equals zero and its acceleration doesn’t equal zero 
© the resultant velocity of the ball doesn’t equal zero and its acceleration equals zero 


© the resultant velocity of the ball doesn’t equal zero and its acceleration doesn’t 
equal zero 


quantity z is oe then the dimensional formula for the quantity k that verifies 


the equation : x = y + zk is 


@LtT @®.r' 


is 4 m/s and that of the second student is 5 m/s and the second student reached the end 
of the race before the first student by 5 seconds, then the distance of the race is ..... 


@s50m ©)75m ©) 100m @150m 
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Qo) Wan object started its motion from rest with a uniform acceleration, if its velocity 
‘] at the end of the fifth second was 5 m/s, then its average velocity when it covers 50 m 
equals ... 


@5ms ©) 10 mis ©15 ms 


(25 + 0.5) m/s and (1 + 0.01) s respectively, calculate the distance covered by 
the car during this period. 


7 
‘® ‘The opposite figure illustrates the relation between 
the velocity (v) and time (t) for two objects A and B 
that started their motion from rest, calculate the ratio 
between the acceleration of the two objects A and B 
respectively. 


horizontally with a uniform velocity on a frictionless 
surface under the effect of two forces, if we decreased 
the magnitude of the force F, while F, is kept constant, 
what will be the change in the angle O that keeps 

the box moving in the same velocity ? 
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@ A player projects a ball upwards from the Earth's 

surface at an angle to the horizontal and the opposite 
figure illustrates the path of the ball, arrange the points 
N, M and P according to the speed of the ball in each point 
starting from the higher velocity ignoring the resistance of 
the air. 


for the two vectors A and B is perpendicular 
to vector B, calculate the value of vector A. 


B= 3 units 


ul 


distance of 800 m due to using the brakes, calculate the distance covered by the train from 
the moment of using the brakes till it stops if it was moving with the same acceleration. 


the speed of an object that is projected vertically 

upwards from the surface of Earth and the time, 

from the figure find : 

(a) The speed of the object at the moment it touches 
the ground. 

(b) The displacement of the object. 
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Multiple choice questions 


@ Two similar balls fell freely from the top of a sky scraper such that the second ball fell 
1 second later after the first ball, if we ignored the resistance of the air and observed 
the falling of the two balls in the Earth's gravitational field, then the distance between 
the balls during falling 
© remains constant ® increases 


© decreases © equals zero 


speed of a girl that runs in a straight race track 
with the time? If the girl covered a distance of 

200 m within 25 s , which of the following choices 
is correct at the time Of 25 $ ? „usses. a 


half cycle becomes 2 7t m , then the value of the covered distance is ..... 


©xm 
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© The statement that does not express the action and the reaction forces i 

| @ The magnitude of the action force equals the magnitude of the reaction force 
(©) The action force is opposite to the reaction force in direction 
©The action and the reaction forces act on the same object 
@ The action and the reaction forces have the same nature 


© NASA space agency is connecting with the astronauts through radio waves. If the time 
taken between the transmission from Earth and receiving on the Moon is 1.28 s and the 
speed of radio waves is 3 x 10° m/s , then the distance between the Earth and the Moon 


WS cerserserees o 
@ 240 x 10° km i (© 384 x 10° km 
©) 480 x 10? km @® 768 x 103 km 


When a body starts its motion from rest in a straight line with an acceleration of 10 m/s?, 
this means that . 


@) slope of the (v - t) graph of the body equals 5 

© slope of the (d - t?) graph of the body equals 10 
© slope of the (v - d) graph of the body equals 10 
@ slope of the (v? - d) graph of the body equals 20 - 


@ If x = 250 ms , y = 1500 ps , then the value of (x + y) equals ............ - 


(©) 250.15 s @ 1750s 


(© A car is moving on a horizontal road with a uniform velocity of 10 m/s and is affected by 
a frictional forces of 1500 N , so the force by which the engine acts on the car is .... . 


®© 150N @®1500N ©) 15000 N @o 


So, its speed after 2 s since it started its motion i: 


®© $ms © ms 
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from 10 m/s to 90 km/h within 20 s , so the acceleration of the car and its type 


@)0.75 mis? , positive acceleration @©4 mi? , positive acceleration 


©0.75 mis? , negative acceleration @4 mis? , negative acceleration 


@ A vector Vof 16 units makes an angle 50° with the x-axis, calculate the vertical and 
the horizontal components for this vector. 


(@® What happens if a body is projected at an angle 75° to the horizontal, then it is 
projected once more with the same initial velocity at an angle 15° to the horizontal 
(concerning the horizontal range) ? 


vertically upwards to pass by three similar windows that are at equal 
distances from each other, arrange these windows in a descending order 
according to the change in the speed of the stone (Av) during its passing in 
front of each of them. 
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The opposite figure illustrates a vernier caliper 
used to measure the radius of a metallic cylinder. 
From the figure find : 
(a) The measured value for the thickness of 
the cylinder. 
(b) The relative error for that measurement if the 
actual value of the radius of the cylinder is 3.68 cm. 


In a basket ball match, a player threw the ball as 

in the opposite figure, calculate : 

(a) The speed by which the player should throw 
the ball to reach the target basket. 

(b) The maximum height reached by the ball from 
the projection plane. (g = 10 m/s?) 


ad Acar spent three hours during its trip in a straight line. If its speed during the first 
hour was 90 km/h and during the last two hours was v and its average velocity during 
the whole trip was 75 km/h, calculate the value of v. 
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